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CHAPTER I. INTRODUCTION 
Beef cattle production plays an important role in the economy of 
Costa Rica. Since the 1950s, beef exports have contributed an increasing 
amount and percentage to the foreign exchange earnings of the country, 
amounting to 51.3 million U.S. dollars in 1977, or 6.2 percent of all 
exports [11]. An additional benefit derived from beef and cattle exports 
reduces dependency of foreign exchange from the traditional exports of 
coffee and bananas. 
The beef cattle industry is also important from the viewpoint of 
land use. As of 1973, 50 percent of all farmland was allocated to pas­
ture for beef cattle production. Grazing land in the last 30 years prior 
to 1973 is approaching the limits of available agricultural land. Only 
584.4 thousand hectares of land were available for agricultural expan­
sion in 1973 (Table BIO).^ Thus, land is a limiting factor in cattle 
production and export planning. 
This study examines potential increases in beef cattle production 
and exports within the framework of the current national plan. Differ­
ences in projections from the plan and historical trends are examined. 
Policies are analyzed whereby these differences may be reconciled. 
^This is a gross figure, as land in urban, commercial, industrial, 
and other minor uses have not been deducted. 
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National Development Plan for Costa Rica 
These trends and developments are directly or indirectly recognized 
in the National Development Plan 1979-1982 "Gregorio José Ramirez" [52]. 
Because of the limited amount of agricultural land, emphasis was given 
to intensive land use production techniques for beef cattle. These tech­
niques included both renovation of pasture lands, increased production 
of both beef and milk [52], and improved vegetative use of grass lands. 
Particular attention was given to the development of dual purpose cattle 
production, as means of fostering production of both beef and milk, in 
both the dry and wet lowlands. 
For the most part, beef cattle production increases during the 
planning period of national development 1979 through 1982, are a result 
of induced changes in the input-output relationships leading to greater 
productivity within the industry. Land expansion for beef cattle produc­
tion did not play any important role in the Plan's projections because 
of limited land area. 
Problems of the development plan 
The National Development Plan assigned a goal of 2.7 percent per 
year as the targeted increase in the real value of production to beef 
cattle. Thus, by 1982, an 11.2 percent increase in real value of beef 
cattle over 1978 must be realized. 
In accordance with historical growth rates, 2.7 percent is about 
two thirds the 4 percent growth reported as real value of beef cattle 
production for the 16-year period 1963-78 (Table Bl). Therefore, 
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production goals seem to be conservative and achievable. 
There is, however, a qualitative difference between the factors 
which influenced past growth rates and those which may influence future 
growth rates. From the physical viewpoint, land expansion played a very 
important role in achieving the former. Land allocated to the cattle 
industry increased at a rate of 30,000 hectares annually, equivalent to 
a growth rate of 5 percent per annum between 1963 and 1973 (Table B9). 
Under the plan, technological changes in beef cattle production 
would constitute the major changes in bringing about new growth rates. 
Also, the rapidity with which the new technologies are adopted by farmers 
during the planning period, 1979-1982, is crucial in projections of the 
plan. There is evidence that induced changes in the input-output coef­
ficients in beef cattle production, in the amount required to comply with 
2 
the goals of the national development plan, may not be forthcoming. 
This plan also sets export goals for the beef cattle industry. 
These are translated into an increase of 4.6 percent per year and repre­
sent an additional export effort for 1982 of 19.9 percent over exports 
in 1978 [52]. 
In 1978, the exports of beef and cattle represented 52 percent in 
live weight equivalent of all meat supplied to both the national and the 
foreign markets. In 1978, the supply was larger than production (Tables 
2 Agronomic and economic evaluation of new forages for introduction 
to commercial farming is not as yet available. Such forages are under 
experimentation and will not be recommended during the planning period. 
Private communication of July 29, 1980, Ministry of Agriculture and 
Livestock. 
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B14 and Al). This implies that most of the projected increase in 
production would be allocated to beef and cattle exports (4.6 percent x 
52 percent = 2.4 percent; 2.7 - 2.4 = 0.3 percent), or that the inventory 
of beef cattle and the national consumption of meat (measured in live 
weight equivalent) ought to increase at a yearly rate of 0.3 percent of 
the projected production. 
Thus, there is either an inconsistency in the plan or an undisclosed 
policy which keeps the domestic demand for meat from growing during the 
1979-82 planning period. The Gross Domestic Product (GDP) is expected 
to grow at a yearly rate of 6.5 percent. With population increasing at 
2.4 percent per year, GDP per capita would be 4 percent per year. With 
an income elasticity of the demand for meat of 0.504 [15], the total 
domestic consumption of beef was implicitly assumed in the national 
development plan to grow 4.46 percent per year, under combined popula-
3 tion and income effects. Consequently, most of the projected increment 
in production would be allocated to local consumption (48 percent x 4.46 
percent = 2.14 percent; 2.7 - 2.14 = 0.56 percent). Therefore, exports 
and the inventory of beef cattle would be expected to grow at a yearly 
rate of only .56 percent of the projected production. 
Assuming zero growth rate for the inventory of beef cattle during 
the planning period, the National Development Plan implies that: 
(1) exports of beef and cattle would grow 4.6 percent a year and (2) 
domestic consumption would increase at 0.3 percent of the projected 
3 GDP per capita is used as a proxy for disposable per capita income, 
as the latter is not published. 
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increment in beef cattle production; or alternatively, (1) demand for 
meat for the domestic market would increase at a rate of 4.46 percent 
and (2) exports would increase only at .56 percent of the projected beef 
cattle production. Therefore, the export goal for the industry and the 
implied demand for meat for the local market appear inconsistent with the 
production goal set for the industry. 
Furthermore, the production goal also appears inconsistent with 
zero rate of growth for the inventory of beef cattle. Production of beef 
cattle can grow if the inventory of beef cattle also grows. 
The projected growth rate for beef and cattle exports, 4.6 percent, 
is not as conservative as the 2.7 percent growth rate implied in the 
national plan for the total production of beef cattle. It is slightly 
below the average growth rate of 5.2 percent for exports for the four 
years previous to the plan's projections [12]. 
Furthermore, Government officials and cattle farmers privately 
allege that actual beef cattle exports contain a high component of 
officially unrecorded cattle imports, from neighboring countries. If 
this allegation is true, the goal for beef cattle and beef exports implic­
itly assumes that such unrecorded beef cattle trade will continue, at 
the level required to fulfill that target. 
Appendix A strongly suggests that this allegation appears valid, 
and that such unrecorded cattle traffic was estimated at 48,000 in 1978. 
Studies of the Gross National Product (GNP) suggest an even higher esti­
mate of 65,000 cattle [8]. 
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Policies to accomplish plan's goals 
To bring about projected increments in production and productivity 
in the beef cattle industry the National Development Plan proposes the 
following policies [52]: 
(a) Credit tied to technical assistance; 
(b) Dual purpose cattle farming in the lowlands; 
(c) Price and quality controls of agricultural inputs; 
(d) Foster research and divulging research results to cattle 
producers; and 
(e) Quantity restrictions on exports of heifers. 
The plan omits mentioning the process for selection of these 
policies, but some of the following items might have entered into that 
process, as there is authority bestowed upon the Government or on its 
autonomous institutions, to design and implement such policies. 
1. Reduce slaughterings of cows of reproducing age. 
2. Establish and supervise cattle export quotas. 
3. Tariffs and tax reductions for agricultural inputs and outputs. 
4. Expropriation of large holdings for land reform. 
5. Differential negative land taxation (subsidies). 
6. Technical assistance tailored to farmers with no access to 
agricultural credit. 
7. Implicit acceptance of unrecorded beef cattle trade with neigh­
boring countries. 
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These seven policies which could be included in the plan are considered 
further in subsequent sections of this study. 
Institutional arrangements to design 
and implement plan's policies 
Design and implementation of policies is left to the responsibility 
of various Government organizations including the most important commer­
cial banks, which are nationalized. 
The National Agricultural Commission (CAN) recommends the levels of 
credit and of interest rates to be charged for credit to the various 
agricultural activities. The nationalized banks implement these policies. 
Policy directives may establish differential interest rates favoring 
calf cropping and small farms over large farms and beef cattle finishing. 
Prices for agricultural inputs may be established by the Ministry 
of Economics, Industries and Commerce (MEIC), but the quality of those 
inputs is monitored, and the standards enforced, by the Ministry of 
Agriculture and Livestock (MAG). 
Agricultural research is undertaken by both MAG and the institutions 
of higher learning, but research results are generally transmitted to 
the agricultural sector through the Extension Service in MAG. 
Cattle export control falls under the jurisdiction of the National 
Council of Production (CNP), a price stabilization institution which is 
mainly concerned with maintaining equilibrium between production and 
domestic consumption for grains and meat. Retail price fixing is, how­
ever, the responsibility of MEIC. 
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These are not the only Government entities affecting the agricultural 
sector, but they are the ones most concerned with the policies suggested 
by the National Development Plan. 
There are other autonomous organizations which have as great an 
impact, either actual or potential, on agricultural production as those 
mentioned above. Water resources are under Governmental control. Admin­
istration of such resources, for consumption, irrigation and hydroelectric 
power production, is in the jurisdiction of the National Electric Service 
(SNE). The Land Reform Institute (ITCO) through land acquisitions 
(including expropriations) and land distribution likewise influences agri­
cultural production. 
The numerous Government institut ions which make an impact on 
agricultural output, with actions which may reinforce or outweigh the 
actions of other institutions, suggest the need for clearer policy guide­
lines and more specific levels assigned to policy instruments than those 
set forth by the National Development Plan. 
Are plan's goals and the policies 
feasible and compatiblé? 
In accordance with the assumptions of the National Development Plan, 
beef cattle production goals, export goals and implied domestic demands 
for meat appear in conflict with each other. Furthermore, to accomplish 
the 2.7 percent growth rate for beef cattle production, it becomes neces­
sary for the inventory of beef cattle to grow at a higher rate than the 
0.3 percent of the projected production implied in the plan, assuming 
zero growth rate for the domestic demand for meat. 
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Policies seem to be in conflict with production goals for beef 
cattle, at least in some areas. For instance, differential rates which 
are designed to act as stimuli for calf cropping, in the medium term, 
may produce opposite effects, through lower prices and incomes for far­
mers engaged in calf cropping. 
Further questions include whether the previously cited seven policies 
currently not contemplated in the national plan could be substituted for 
one or more of the policies which have been chosen to solve inherent 
problems and inconsistencies discussed above. 
Study Objectives 
In view of the problems discussed briefly, it seems legitimate to 
focus attention on testing the appropriateness of the production goals 
set for beef cattle. This test should contribute to learning more about 
the dynamics of the industry and should provide insight for properly 
assessing the relative importance of the various policies which have been 
designed, or which could be designed, to bridge the gap between the ex­
pected and the desired production levels, if such gap exists. 
Likewise, it seems equally legitimate to focus attention on the 
appropriateness of other target variables policy makers established in 
the distribution of production among consumption, exports and cattle 
inventory changes. 
The specific goals of this study are: (1) to determine if there is 
a gap between expected and planned beef cattle production levels; (2) to 
offer reasons for the gap, if it exists; (3) to determine if the various 
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target variables are consistent with each other, and how they could be 
made consistent with each other, if there are inconsistencies; (4) as a 
corollary of the latter, to articulate and analyze policies which could 
contribute to increased cattle production and increased exports of cattle 
and beef; (5) to develop and test a model for policy analysis and apply 
it to selected farms for testing various hypotheses of this research; 
and (6) to suggest areas of needed research. For purposes of analysis, 
some of these objectives are recast in the following hypotheses. 
Hypotheses for Study 
This study seeks to prove (or disprove) certain hypotheses in the 
fulfillment of the objectives presented above. These hypotheses are; 
1. Capital is a critical bottleneck to expanding beef production 
in Costa Rica. 
2. Differential interest rates may be detrimental to beef cattle 
production expansion. 
3. Beef cattle production is inelastic to credit availability. 
4. Beef cattle production is, for the most part, inelastic to 
changes in prices of inputs. 
5. The production of cattle from dual purpose cattle farming may 
show greater sensitiveness to changes in the availability of 
credit, interest rates and prices of inputs, than the production 
of cattle from farms devoted to beef cattle production. 
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Procedures 
In order to meet the objectives and test the hypotheses of this 
study, there is need to obtain and analyze two types of information from 
different sources. The first type of information is concerned with the 
industry as a whole, and is obtained from secondary sources. The second 
type of information is concerned with farms within a cattle subregion 
and is obtained from primary sources 
These analyses complement each other. The first allows for an 
identification of technical problems in production and response to some 
incentives. It also sharpens the focus on production aspects to be 
analyzed at the farm level and facilitates the testing of hypotheses. 
The farm level permits analysis of production response to incentives 
in more detail than can be achieved at the industry level. This analysis 
contributes to clarification of the relationships between the micro and 
the macro in the area of decision making. It also facilitates the test­
ing of the hypotheses. 
The formal steps in this research are as follows: 
1. Gather data on production and other variables affecting 
production, and analyze such information to test hypotheses 
about relationships among variables. 
2. Develop a linear programming model to test policies and the 
hypotheses about those policies. 
3. Select farms within a cattle subregion to gather technical and 
economic information about beef cattle production and other 
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competing agricultural commodities, and develop the necessary 
input-output coefficients for the linear programming model. 
4. Present the policy simulation results indicating their degree 
of generalization. 
Organization of Report 
Chapter I puts forth some of the difficulties foreseen for beef 
cattle production to comply with the objectives of the National Develop­
ment Plan 1979-82, "Gregorio José Ramirez, and outlines the purposes, 
hypotheses and methodology followed in this report. Chapter II addresses 
the first three goals of the study and presents an analysis of beef 
cattle (physical) production and production response to some incentives, 
. # 
and estimates the trend of beef cattle production for the Plan's plan­
ning period. This chapter also presents a discussion about feasibility 
of compliance with Plan's objectives. One hypothesis is tested. Chapter 
III develops the linear programming model for testing production response 
to policies and hypotheses at the micro level. Objective 5 is then 
partly fulfilled. 
Chapter IV discusses the procedure followed in gathering data 
within the cattle subregion for this study and on the farms within the 
subregion. It also presents a discussion of the information gathered 
including various characteristics of farms, farmers and techniques used 
in producing beef cattle. Chapter V develops the technical coefficients 
from the farms selected for the linear programming model and addresses 
Objective 5 and the remaining four hypotheses. Chapter VI addresses 
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Objectives 4 and 6 and presents the conclusions of the research and the 
recommendations which follow, including areas which deserve further re­
search (Objective 6). 
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CHAPTER II. BEEF CATTLF PRODUCTION AND THE 
GOALS OF THE NATIONAL DEVELOPMENT PLAN 
The National Development Plan 1979-82 "Gregorio José Ramirez" was 
designed to guide the actions of the Central Government and those of 
other governmental institutions [52]. It represents one more effort to 
give direction to the beef cattle industry [1]. 
This plan stresses balance of payments and export commodities [52, 
II]. Production and export goals were set, either for individual commod­
ities or for groups of commodities. Beef cattle production was treated 
individually. Its production goal was expressed in both absolute and 
relative terms. The plan projected a production which would bring forth 
91,600 metric tons of beef (201.52 million pounds) in dressed carcass 
equivalent by 1982, which required a 2.7 percent per year increase in 
beef [52, IV]. 
The beef cattle export goal was established in monetary units 
4 
specified as 57.8 million U.S. dollars in 1982. This export target 
represented an increase by 1982 of 19.9 percent over the export value of 
1978, which would be accomplished at an average 4.6 percent increase per 
year [52, II]. 
Chapter I posed the question whether these two goals were inconsistent 
with each other. If so, other inconsistencies would develop as a result, 
4 At 1976 export prices. 
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such as the required growth in cattle inventory and the domestic 
consumption of beef. 
This chapter will first test if a gap between expected and planned 
beef cattle production levels exist. It proposes to discover the source, 
or sources, of those problems, should they exist. It starts by question­
ing the establishing of the production goal. This goal is analyzed 
initially in terms of physical justification for production goal setting 
based upon available information. A beef cattle inventory model will 
contribute to testing production evolution and the feasibility of accom­
plishing the goals (Appendix A). 
This analysis is followed by an inquiry into the cause, or causes, 
which might bring inconsistency to bear between production and export 
goals. An assessment of feasibility of these goals to coexist, not with­
standing their inconsistency, is offered. 
Alternative policies to accomplish either production goals or 
balance of payments obj ectives will be examined in the same vein policies 
are dealt with in the National Development Plan. Special attention is 
given to those policies available to the policy makers but not included 
among the means to fulfill the goals of the plan. 
The last part of this chapter is devoted to analyzing production 
response to credit and tests the hypothesis that such response is low 
(inelastic). 
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Beef Cattle Production Evolution 
Gross National Production (GNP) studies show the real value of beef 
cattle production increasing at a yearly rate of 4 percent during the 
1963-78 period [8, 10]. From 1977 to 1978, however, that increment was 
less than 1 percent. 
That information seemed to suggest that beef cattle production had 
two recognizable expansion paths. One encompasses the 1963-69 period in 
which 1969 depicted a sharp climb (Figure 2.1). The second expansion 
path comprises the years 1970-78 wherein real values of production aver­
aged 1.4 million U.S. dollars a year.^ 
The growth rate during the second expansion path was 2.5 percent 
per year, while that rate for the entire 1963-78 period was 4 percent. 
Therefore, the real value of production slowed down from 1970 to 1978, 
and it may indicate the existence of physical limitations to production 
expansion or possibly lack of incentives to expand production. 
It ought to be pointed out that the difference between the most 
recent average yearly growth rate for the real value of cattle produc­
tion and the growth rate projected for this value (or for the physical 
value of beef cattle production in live weight equivalent) was very small. 
That difference is not large enough to justify an individual treatment 
of the beef cattle industry in the National Development Plan. It was 
only 0.8 percent.in 1982 between the planned and the expected level of 
production. In accordance with the growth rate of 2.7 percent per year 
^At 1976 prices. 
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selected by the plan, beef cattle production would be 11,2 percent 
higher in 1982 than the 1978 production. If the most recent historical 
growth rate was observed (2.5 percent), it would be 10,4 percent higher 
in 1982 than in 1978. 
Nevertheless, in view of the very small increment in production in 
1978, further analysis is required before reaching a final conclusion 
with regard to the validity of this target. 
Physical values of beef cattle 
production 
The policy makers seemed substantially more interested in the 
physical dimension of production rather than on its dollar value. The 
goal was to produce enough cattle which would yield 201.5 million pounds 
of meat by 1982. 
Number of cattle processed, average weight and carcass yield in 
processing the various types of cattle can be combined in several ways to 
bring forth those million pounds of meat. 
In focusing on these values, it became apparent that the GNP 
statistical Information was in error. The average live weight of cattle 
was both under and overestimated (Table B2 and Figure 2.2). The number 
of cattle supplied for exports and for local consumption was underesti­
mated. With regard to the latter, supply of cattle has been consistently 
underreported in the national accounts (GNP) since 1975 (Table B3). 
It also became apparent that when production is measured in number 
of cattle, the GNP statistical information for 1963-1975 followed a 
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smooth curve, with a growth rate of 4.7 percent per year (Table B1 and 
Figure 2.1b). However, beef cattle production for 1969 did not follow 
that growth pattern. It showed an abrupt change of 30.4 percent in that 
year. 
The beef cattle inventory model 
Means to assess better the value of the information available 
becomes a necessity. A beef cattle inventory model has been developed 
with that end in mind and it is fully explained in Appendix A. This 
Appendix also contains the estimations generated with the aid of that 
model for the total inventory, production and supply of cattle. Cattle 
inventory is given by categories or types of animals, following the clas­
sification used by the Bureau of Census of Costa Rica in the publications 
of the agricultural census (Tables A1 and Figure Al). 
Census data for 1963 and 1973 [29, 30] were used to derive values 
for the calf/cow ratio and rates of growth for the breeding herd. The 
average weight of exported and processed cattle [23, 24, 25] was combined 
with research information concerning steers' weight gain pattern, to 
estimate changes in the average age at which steers became marketable 
[14, 89]. Information with regard to mortality rates was obtained from 
other studies [73]. The probability used in the projections for both 
bull and heifer calf births is the a priori probability or 0.5. 
The model was derived from the equation which defines the stock or 
total inventory of cattle. The values of this equation correspond to 
the cattle inventory at the beginning of the year. 
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Sj. = A° + + DJ + (2.1) 
where: 
= total cattle inventory and the terms on the right side of the 
equation represent the inventories of the various types of 
cattle on that particular date; 
A° = the reproducing herd (cows and heifers of over two years of 
age); 
= the inventory of calves (of less than 12 months of age); 
= cattle in ages ranging from 12 to 24 months; 
= steers between 24 and 36 months of age; and 
E^ = steers over 36 months of age. 
Each one of these individual inventories, except A°, can be expressed 
as a function of the reproducing herd from which it originated. Then, 
equation 2.1 can be transformed into: 
St = + A;_im^_i(l-ri) + 1/2 A°_2m^_2(l-r^) (1^2) 
( 2 . 2 )  
+ 1/2 A^_2m^_2(l-r^) (l-r2) (l-p^_2^) 
where : 
m = the calf/cow ratio; 
r^ = the mortality rate for calves; 
r2 = the mortality rate for "adult" cattle; 
1/2= the probability of bull calf births; and 
p = the production of steers from sold in the year t-1. 
All other variables are as previously defined. 
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If the growth rate for the reproducing herd is maintained throughout 
the estimations at the rate calculated from census data, each one of the 
successive stocks of cows can be represented as a function of former 
stocks of cows. As equation 2.2 contains four such stocks, it can be 
transformed to; 
\ + •'t-a-t-l"! + l/2(kc_3mt-2"2) 
(2.3) 
+ l/2(l-p^_^)(k^_^m^_3W3)] 
Projections of the beef cattle inventory 
model and the GNP statistical data 
The projections of the cattle inventory model strongly suggest that 
production of beef cattle, as published in the studies of GNP, was over­
valued for the year 1969, in both number of cattle and in their respec­
tive live weight [8, 10]. For the other years of the 1963-1978 period, 
production was undervalued, with the exception of the live weight equiva­
lent for 1978 which was overvalued (Tables B4, B5 and Figure 2.3). 
The real dollar value of beef cattle, consequently, followed a 
pattern very similar to that of the live weight of cattle production. 
It overvalued production in 1969 and in 1978. During the remaining years 
of the 1963-78 period, it was undervalued (Table B6 and Figure 2.4). 
The estimations generated by the cattle inventory model show 
production growing at 6.1 percent per year between 1963-1974 and decreas­
ing at 4 percent per year from 1974 to 1978. 
Beef cattle production as simulated by the cattle inventory model 
shows a "reality" quite different from that of the studies of the GNP. 
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For the latter, production grew during the entire 1963-1978 period at an 
average rate of 4.7 percent (in number of cattle). The projections of 
the cattle inventory model recognize two different growth periods during 
which production first expands, the growth rate is positive, and then 
contracts, the growth rate is negative (Figures 2.3 and 2.4). 
Cattle inventory changes seem to be the component of beef cattle 
production which may shed some light on the cause or causes which produced 
those diverse realities (Table B7). 
In the GNP studies, beef cattle inventories have been estimated by 
first calculating a level for beef cattle production and subtracting from 
it the total supply of cattle, as reported by the market statistics [27, 
28]. That production (in number of cattle) is fitted to an upward slop­
ing curve which followed a growth rate of 4.7 percent per year. 
This method yielded values which seem to have satisfied the 
requirements of the GNP studies during the 1963-74 period. However, as 
soon as the cow culling liquidation period began in 1975, such method 
could not explain the phenomenon. Supply of cattle became larger than 
the estimated level of production. This method was then abandoned in 
1975 and the supply of cattle has since been underreported in the studies 
of the GNP, with no regard for market statistics [27, 28]. 
It is evident that inventory changes have been underreported 
partially as a result of selecting a growth rate which was below the 
true growth rate for the total inventory of cattle. 
Production does not determine the level of inventory changes, but 
it is determined by those changes plus the supply of cattle (equation 
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A.14, Appendix A). Then, the differences between the estimations for 
production and inventory changes in the GNP studies and those generated 
by the cattle inventory model, stem from the method of estimation. The 
method followed by the GNP studies appears unreliable as it cannot ex­
plain the observed market behavior. 
The lessons learned from the projections made with the aid of the 
cattle inventory model could be used to interpret possible relationships 
between market statistics regarding the supply of cattle and the other 
variables defined in the model (production, total cattle inventory, 
inventory of the reproducing herd, etc.). 
Notwithstanding the unreliability of the estimation method used in 
the GNP studies, production estimation for 1978 was similar to the pro­
jection made with the aid of the beef cattle inventory model. This dif­
ference was only 0.9 percent (Table B4). Qualitatively, however, the 
difference is noticeable. 
In view of the reasons offered in the former paragraphs, the values 
projected by the beef cattle inventory model will be used for all estima­
tions which follow, due to its reliability. This beef cattle inventory 
model projected the inventory of cattle for 1973 with an error of .15 
percent over the figure of that year's census data. 
No claim is made for the beef cattle inventory model to reproduce 
exactly the real world. It simply offers more information about that 
real world and the relationships which develop among variables, if proper 
and basic information is used. 
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Is the Plan's Production Goal Attainable? 
In order to bring production information to a comparable basis with 
the beef cattle production goal of the National Development Plan, the 
following equations for yields in processing beef cattle will be used:^ 
y = -33.86 + 0.624 W = .95 (2.4) 
®t ^t 
y^^ = 3.238 + 0.523 = .98 (2.5) 
y = -59.359 + 0.668 W„ R^ = .98 (2.6) 
3t 
where: 
y = the average yield expressed as in processing steers in year t; 
®t 
and 
W = the average weight in kilograms of steers slaughtered in yeart. 
t 
The other two equations refer to bulls and oxen and to cows, respectively. 
2 In accordance with the R values, those models explain between 95 and 98 
percent of the variations of the yields in processing cattle. 
The cattle inventory model projected a beef cattle production of 
344,700 head for 1978 (Table 2.1). At the weighed average live weight 
of cattle it represents 131,666.7 metric tons (355.7 million pounds). 
The dressed carcass equivalent is 67,663 metric tons of meat (the weighed 
average yield is 51.4 percent of the live weight). 
Between the production goal of the plan and the 1978 projected 
level of production there is a difference of 23,967 metric tons of beef. 
Calculated from unpublished data, National Council of Production. 
This institution is part owner of Montecillos slaughterhouse, with export 
and domestic interests. 
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It is 35.4 percent higher than the 1978 projected production. 
If the physical value of the plan's production goal is correct, 
91,600 metric tons of beef, the growth rate required to accomplish it 
should be 7.9 percent per year, instead of 2.7 percent. Such a rate is 
higher than the inferred growth rate from the cattle inventory model's 
projections, 6.1 percent, and much higher than the 4.7 percent growth 
rate used in the GNP studies to project production. 
Table 2.1. Beef cattle production in dressed carcass equivalent, 1978^ 
Type of Cattle Number of Average Meat 
Head Weight (dressed carcass) 
(000) (kg) (M.T.)^ 
Steers, bulls, oxen 195 .07 226. 02 44, 090 
Cows 163 .43 160. 67 26, 258 
Inventory change (13 .84) 196. 23 (2. 715) 
Total 344 . 66 196. 23 67. 633 
^Model projections. 
^M.T. = metric tons. 
If the physical value of the production goal is in error, the 
targeted production would be 67,633(1.027)^ = 75.239 metric tons (M.T.) 
of meat, in dressed carcass weight. Then, the goal is overstated by 
16,361 metric tons of meat, equivalent to 83,700 head of cattle, at the 
weighed average yield for 1978. 
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If both the growth rate and the physical value of the targeted 
production are correct, then the information used in the plan's projec­
tions are either in error or beef cattle production is defined in a way 
which is also erroneous. 
It may be concluded that given 1978 beef cattle production, 2.7 
percent per year is not the appropriate growth rate for production to 
comply with the physical target established in the National Development 
Plan, 91,600 metric tons of meat. Or that the physical target corre­
sponds to another value which is not the true production value for 1978. 
Production represents but a part of the total cattle inventory. A 
larger cattle inventory implies a greater share of the agricultural land 
for pastures. It also means increased opportunity cost in terms of 
alternative productions foregone. 
Production Projections 1979-1982 
Land Requirements 
Beef cattle production is projected by selecting growth rates for 
the reproducing herd of 2.4 (hypothesis A) and 6.9 (hypothesis B) percent 
per year, to approximate a growth rate of 2.7 and 7.8 percent per year 
in total cattle production, measured in number of head, respectively 
(Table B8). These hypotheses match the alternative ways of expressing 
the plan's production goal for beef cattle which are not in harmony with 
each other as shown in Figure 2.5. 
As production expands the inventory of the reproducing herd 
increases and beef cattle supply is greatly reduced for a long period. 
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The cattle inventory model projected cattle supply of 358,500 head for 
1978. Due to the required recuperation in the inventory of cows, the 
supply of cattle remains below the level of 1978 during the entire quad­
rennial period of the plan. 
Of the two components of cattle supply, the potential number of cull 
cows takes the largest drop, from 163,430 in 1978, to either 140,500 
or 106,320 head in 1980, and then increases to 148,200 or 121,600 in 
1982, in accordance with projections of hypotheses A and B, respectively. 
The supply of steers does not follow that pattern. It remained at 
a relatively high level, although decreasing. By 1982, this supply 
initiates an upward movement as a reflection of the recuperation in the 
stock of cows during the previous years. 
It is apparent, then, that the supply of steers reflects past 
production performance in the cattle industry, while supply of cull cows 
reflects future production performance in the industry. 
The data generated by the cattle inventory model further indicate 
that the supply of steers cannot be increased during the first three 
years of the quadrennial period of the plan, 1979-81, whichever produc­
tion expansion program is selected. The amount of steers forthcoming is 
the same whether production is expanded at 2.7 or at 7.8 percent per year. 
The only alternative open to increase the supply of slaughter 
steers (besides imports) is a further reduction in their marketable age, 
which in the model is assumed to be of 36 months for the year 1978. This 
implies a reduction in their average weight also.^ 
^Cattle farmers are requesting a reduction in the average weight for 
exportable steers, to a figure below 400 kilos. Private communication. 
Livestock Division, CNP. 
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By the end of 1982, the beef cattle inventory model projects a 
total inventory of cattle between 1,97 and 2.3 million head, depending 
on the hypotheses (Table A3). Census data for the year 1973 shows cat­
tle inventory at a level of 1.7 million head on 1.6 million hectares of 
land. This means that each head required 0.92 hectare of pasture land 
(Table B9). 
Since productivity improvements do not seem to be forthcoming, as 
stated in Chapter I, it is legitimate to establish direct comparisons 
between the inventory of cattle of 1973 and the projected inventories 
for 1982, by using the cattle-land relationship calculated from the 
1973 census data [30]. Therefore, there will be an increment in the 
amount of pasture land ranging from 250,000 to 520,000 hectares. 
Agricultural land available for expansion was 584,000 hectares in 
1973. This number included land allocated to urban, commercial and 
transportation uses (Table BIO). 
If production is expected to grow at a pace which will bring forth 
91,600 metric tons of beef in 1982, it will completely exhaust the avail­
able agricultural land, as estimated in 1973. The remaining amount of 
land available for other uses would be a gross number of 64,400 hectares. 
Furthermore, if the scope of the analysis is widened to look upon 
the agricultural sector in its entirety, it may be estimated that differ­
ent sets of relative incomes for various agricultural commodities will 
induce different land allocation patterns. 
For example, if a program to substitute imported and expensive fuels 
creates favorable conditions to expand sugar cane production into the 
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manufacturing of gasohol, mechanizable lands will be drawn into this 
production. Those lands could have been used in annual crops such as 
grains, and be hardest hit by the new policies and might also come from 
the best pasture lands. 
Sugar cane production is an activity complementary to beef cattle 
production in terms of interindustrial relationships, a byproduct of 
sugar cane processing is an input in beef cattle production, but it is a 
competing activity for the land resource. If these two production pro­
grams have not been properly assessed against each other, beef cattle 
may be in relative disadvantage with sugar cane production. This 
could be measured in terms of savings in the balance of trade, the amount 
of employment and income generated by both activities. 
Then, land requirements implied in the physical goal for beef cattle 
production may not be available, or marginal lands would be incorporated 
which means higher real costs of production for meat. 
It may be concluded that 91,600 metric tons of meat seems to be an 
unfeasible goal. First, because the growth rate implied in this physical 
target is extremely high, 7.8 percent per year, and there is no evidence 
that it has been accomplished before. Second, because such production 
would also imply an increment in land allocated to pasture. This incre­
ment would exhaust by 1982 the available agricultural land. Third, the 
National Development Plan has no special provision for it. 
However, 2.7 percent annual growth for beef cattle production may 
be feasible. 
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Is the Plan's Export Goal Attainable? 
Total exports of meat and beef cattle were projected by the National 
Development Plan to be 19.9 percent higher than the exports of 1978. 
During this year shipments of meat and cattle represented a total of 
191,900 head (Table Bll). Consequently, a total of 230,080 head were 
g 
projected for exports, processed or alive, in 1982. 
That export goal would represent 60.0 percent of the beef cattle 
inventory model projected production for 1982, but 68.2 percent of the 
projected supply of cattle. For the year 1978, those values were 55.7 
and 53.6 percent, respectively (Tables B8 and Bll). If production were 
expected to be 91,600 metric tons of meat, that export target would mean 
49.6 percent of cattle production, but 73.1 percent of the supply of 
cattle in 1982 (hypothesis B). 
These values mean that exports' participation in the total beef 
cattle production would grow at a rate of 1.1 percent per year, if produc­
tion grows at 2.7 percent annually, and at a decreasing participation of 
1.5 percent per year, if the export target is 91,600 metric tons of meat. 
This is a new inconsistency. If the export goal grows at a rate higher 
than the rate for the production target, its participation in total pro­
duction could not be decreasing. 
Domestic demand for meat and 
the export goal 
The values discussed above allow for the inference that the supply 
of cattle for domestic consumption would be 31.8 percent of the beef 
Q 
At the average weight per head of 1978. 
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cattle inventory model's projected supply for 1982, in accordance with 
hypothesis A. It falls to 26.9 percent in accordance with hypothesis B. 
After fulfilling the export goal, cattle supply projections (with 
the model) indicate that there would be only 107,200 cattle for local 
consumption (hypothesis A) or 84,800 cattle (hypothesis B). 
Then, the supply of cattle for the domestic market would represent, 
in 1982, either 50.0 or 39.5 percent of the supply of cattle for domestic 
consumption of 1978, in accordance with hypotheses A and B. 
The Gross Domestic Product (GDP) was projected by the National 
Development Plan to grow at a rate of 6.5 percent per year, and popula­
tion was projected to augment at a rate of 2.4 percent [52, II]. Con­
sequently, the GDP per capita was implied to increase at 4.0 percent per 
year. It would be informative to know the figure for the per capita 
disposable income, but the Planning Office did not disclose that figure. 
As a result of this and in order to estimate the 1982 implied demand 
for meat, the GDP per capita growth rate—4.0 percent, was used as a 
proxy for the growth rate of the disposable income. 
Demand analysis for meat from time series data in Costa Rica 
estimated the income elasticity of the demand at 0.5 [15]. It follows 
that the income effect on the demand for meat is 2.0 percent per year, 
which combined with population effect gives a total effect of 4.46 percent 
9 per year. 
The actual supply of cattle for the domestic market was 214,580 in 
1978. It follows that the derived demand for cattle for the domestic 
*4.46 = [(4.004 X 0.504)7100+1](1.024). 
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consumption of meat would be 255,790 in 1982 (Table B12). This means a 
production deficiency in 1982 of 148,100 (hypothesis A) or 171,000 
(hypothesis B). 
The plan did not disclose any policy which would suppress the local 
demand for meat, such as high retail price fixing, nor was there any 
indication that animal protein would be supplied from alternative sources 
in substitution for that from meat. 
Origin of discrepancies 
It then becomes apparent that the National Development Plan did not 
recognize any incompatibility between the growth rate and the physical 
goal established for beef cattle production. This target can also be 
expressed as 82,341 (1.027)^, where the number 82,341 represents the 
metric tons of meat estimated by the plan for the 1978 beef cattle 
production. 
The actual 1978 beef cattle supply was 406,480 head and its 
equivalent in metric tons of meat was 80,676 (Table B13). There was a 
difference between this value and the estimation of the national plan 
for the same, 1,665 metric tons, which was explained in its entirety by 
the discrepancy between the average weight of cattle selected by the 
plan and the actual weighed average. 
It can be concluded that in the national development plan beef 
cattle supply was improperly equated to beef cattle production. The only 
case which may make this equality a legitimate one, is when the total beef 
cattle inventory, at the beginning and at the end of the year, has 
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remained constant. That is, there was no investment in beef cattle 
during that particular production period. 
If there was investment in beef cattle, supply would be less than 
production. If there was disinvestment in cattle, production would be 
less than supply. Projecting production (= supply) based on the first 
case, production would be underestimated, but in the second case it would 
be overestimated. 
Observation II in Appendix A states that "if there is an abrupt 
positive change in the supply of cattle, there is a reduction in the 
stock of cows and a reduction in both total inventory and production of 
cattle." This simply means that there is disinvestment in beef cattle. 
Those abrupt and sustained changes in the number of cull cows began 
in 1975 with an increment of 154.2 percent over the 1974 value. The 
absolute number of cull cows of 1975 has been surpassed in the years 
which followed (Tables B14 and B15). 
Estimations generated by the beef cattle inventory model suggest 
that the numbers used by the National Development Plan for the production 
of beef cattle were overestimated in 13,800 head due to a reduction in 
beef cattle inventory for that year (Table B7). This value was insuf­
ficient to illustrate the degree of dissimilarity between the supply of 
beef as projected by the model and the actual supply of cattle (Table B14). 
For 1978 alone, the discrepancy between the actual supply of cattle 
and the projected value was assessed in 48,000 cattle over and above the 
reduction in cattle inventory (Figure 2.6). This discrepancy would be 
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Figure 2.6. Beef cattle actual supply and projected by the beef cattle 
inventory model, 1963-1978 [27, 28] 
39 
even larger if the actual cattle supply was compared with that reported 
in the GNP studies, 64,700 (Table B3). 
Those studies, therefore, implicitly recognized the existence of a 
disturbing element in the beef cattle market statistics, which lead the 
GNP analysts to disregard such a large amount of beef cattle as part of 
che national productive effort. As demonstrated, the method of estima­
tion used in those studies to evaluate beef cattle production was respon­
sible for such procedure. But it was only partly responsible for the 
underreporting of the reported supply of cattle [27, 28], 
The cattle inventory model allows one to assess the number of 
slaughter steers and cull cows forthcoming every year, as well as the 
number of cattle which represents inventory changes (Appendix A). The 
first two categories describe the potential supply of cattle. 
When a comparison is made between the projected and the actual 
supply of cattle, the model apparently overestimated this variable during 
the years 1963-74, and underestimated it thereafter (Tables B14 and B15, 
Figure 2.6). 
At first it seemed that the values selected for the projections, 
such as the mortality rates and the age for marketing slaughter steers, 
were in error. A closer scrutiny in both the market statistics and the 
projections showed greatly contrasting patterns for the supply of both 
slaughter steers and cull cows. The model seemed to have overestimated 
the supply of slaughter steers during the years 1963-68, and underesti­
mated it thereafter. The supply of cull cows was always overestimated, 
except for 1978 (Figure 2.7). 
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Figure 2.7. Beef cattle actual supply and projected by the beef cattle 
inventory model, by types of cattle, 1963-1978 [27, 28] 
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It would be acceptable to find some dissimilarities between the 
values projected by the beef cattle inventory model and the actual values 
for the supply of cattle, as the model does not have expectations built 
in which are a feature of the real world [6]. However, those differences 
would be compensated through time. That is, they would not be permanent 
if the values linking the variables in the physical model were not in 
error, and they did not seem to be. 
The observations in Appendix A teach that the behavior of the supply 
of cull cows anticipates future production performance in the beef cat­
tle industry. They also suggest that the supply of slaughter steers is 
a mirror of the past production performance in the industry. 
In view of this teaching and of the dissimilarities pointed out, an 
experiment was conducted with the aid of the cattle inventory model which 
adjusted the potential supply of cull cows to its actual supply. That 
is, reversing the projection procedure (Table A4). This experiment 
yielded the following results: 
1. The inventory of cattle for 1973 should have been 2.4 million. 
Census data reported it as 1.7 million. The new projection 
was 41.5 percent larger than the 1973 census data. 
2. The reproducing herd should have been 956,000 head in 1973 
instead of 665,000 reported by the 1973 census. The difference 
was 43.8 percent over the 1973 value. 
3. Production grew at 9.3 percent per year through 1978. This 
figure was 3.4 times larger than the growth rate selected by 
the plan for beef cattle production. 
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A. The potential supply of cattle would have been 505,220 in 1978, 
a value which was 100,740 larger than the actual supply of 
cattle. Either the level of exports would have been larger or 
the local consumption of meat would have increased, at lower 
prices. Neither of these results resemble recorded data. 
It can be concluded that beef cattle market statistics (exports, 
imports, slaughtered cattle) did not record all transactions involving 
beef cattle, and that underreporting was consistent with regard to cull 
cows. Also, that the original projection of the model about cull cows 
reflected more closely the true supply of cull cows. 
Actual supply of cattle for the four years previous to the national 
development plan, 1975-1978, showed values for the supply of slaughter 
steers and cull cows which were contradictory. If liquidation of cull 
cows started in 1975, the supply of slaughter steers should have decreased 
by 1978. This is clearly stated by equation 2.3 previously. The supply 
of slaughter steers increased instead (Table B14). 
Both the original projections with the cattle inventory model 
(Table Al) and the new experiment (Table A4) adjusted the level of the 
reproducing herd in accordance with information about cow liquidations.^^ 
This adjustment allows one to better assess the potential number of 
steers which could reach the market. That potential number was 195,000 
steers for 1978. Those actually marketed were 235,000. This value was 
20.5 percent higher than the assessed as maximum for that year (Table 
B15). 
^'^In the original projections only for the years 1975-1977. 
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There was another disturbing element in the official records of 
cattle supply: the market level relationship which developed between 
steers and cows. Given the bull-heifer calf ratio at birth (0.5/0.5 = 1), 
the steer/cow ration at the supply level should be between 1.39 and 1.44, 
as can be calculated from Table B15, omitting, of course, the cow 
liquidation years. In the market statistics (Table B14), this ratio was 
higher than 2. 
This result and the assessment about the excess slaughter steers 
marketed would be possible only if international transactions in beef 
cattle, whether straight imports of slaughter steers during 1975-1978 or 
dual traffic with cows and steers for the years prior to 1975, had gone 
undetected. 
It can be concluded that both the production and the export goals 
for the beef cattle industry as defined in the national development plan 
are unattainable. The reasons are: 
1. The plan implicitly accepted as production the disinvestment 
in 13,800 cattle, which originated in a reduction of the inven­
tory of cattle for 1978. 
2. The plan ignored that approximately 48,000 cattle, as strongly 
suggested by the projections of the model and other information 
discussed above, were officially unrecorded cattle imports. 
That number of cattle was considered as national production at 
the time of the projection of the production goal. 
It follows that in the National Development Plan it was implicitly 
assumed that the undetected international trade in beef cattle, and the 
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reduction in the inventory of cattle would continue as required by the 
plan to accomplish those goals. 
Alternative Policies 
Information related to the number of cows slaughtered during 1979, 
the first year for the implementation of the National Development Plan, 
revealed that the size of the reproducing herd plummeted to a new low 
level.This decline made 1979 the fifth year of continued reduction 
in the level of the reproducing herd. 
" . 
Restrictions on processing cows 
Public Law #465 of April 19, 1949, regulated the slaughtering of 
cows, prohibiting processing animals of reproductive age. Investigations 
in slaughterhouses have revealed that a very large percentage of all 
cows processed (over 60.0 percent) were pregnant. Two-thirds of those 
cows were in late stages of pregnancy [82]. 
Prevailing economic conditions, favorable prices and markets are 
inducing herd liquidations to levels which endanger future production of 
beef cattle (Table B16). 
If the Government seeks an increment in production, enforcement of 
this law may be a better alternative for the short and the long run out­
look of that production than some of the policies recommended in the 
National Development Plan [52]. 
^^169,000 slaughtered, yet unpublished. Bureau of Census, Costa Rica. 
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Export quotas 
On the other hand. Public Law #4412 of August 28, 1969, which 
regulated exports of meat and beef cattle and defined these exports as 
production surpluses, may also be used as an alternative policy to bring 
about increments in beef cattle production. If beef cattle exports are 
reduced, it will reduce the level of one of the incentives for slaughter­
ing cows. 
Such reductions are, however, in conflict with the export goal as 
set forth in the National Development Plan. As things stand now, pro­
duction and export goals seem to be in conflict. For production to 
increase it is necessary for an upturn in the level of the reproducing 
herd, which will reduce cattle supply and, consequently, surpluses for 
exports. 
A Long-Run Production Function 
for Beef Cattle 
In the former section and in Appendix A, production and supply of 
beef cattle was discussed in physical terms, either as statistical infor­
mation or as values generated by the cattle inventory model. The pur­
pose was to recognize physical limitations to production as means of 
assessing production and export goals as set forth by the national develop­
ment plan. Factors influencing production of beef cattle other than 
physical relationships were not mentioned. 
This section deals with another type of assessment which is 
accomplished by testing hypothesis 3 which states that "Beef cattle 
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production is inelastic to credit availability." In order to complete 
this objective, a long-run production function was required. It can be 
derived from a short-run production function assuming equilibrium condi­
tions in factor substitution, as elaborated by Heady et al. [40]. 
Aguirre [2] proved that the short-run Cobb-Douglas production 
function efficiently depicted production relationships in beef cattle 
farms located in a beef cattle subregion in Costa Rica. It is assumed, 
therefore, that such production function reasonably represents production 
conditions in the beef cattle industry. Consequently, 
Y = , where (2.7) 
X. = x,. j = 1, 2 m (2.8) 
j=l ^  
is a composite resource-inputs variable. The X2 is a proxy for capital 
and is the credit bill for the beef cattle industry as yearly decided for 
12 by the Central Bank of Costa Rica. 
This short-run production function can be used to generate a family 
of isoquants by assuming different values for Y. Factor substitutions 
under minimum cost conditions (equation 2.10 below) determines the tan-
gency points on those isoquants. By joining those tangency points, a 
reduced form of the long-run production function is derived, as that 
imaginary curve depicts production expansion through time. 
Using Heady et al. [40] short cuts equation, 2.7 is totally 
differentiated and it yields; 
22 The limits are established either by industry or groups of industries. 
b9 bi b9-l 
dY = b^AX^ XgZ dx^ + b^AX^ Xg dX_ = 0 (2.9) 
By proper transposes of this result and equating it to the factors' price 
ratio it is obtained that: 
^1^2^1 P2V2 (2.10) 
Again, performing proper transposes, the following is established; 
^1 f^lP2''^1^2^ ^2 (2.11) 
Introducing this X^ into the short-run production function yields: 
bi bi+b? 
Yip = AtbiPg/bgPi] ^ Xg (2.12) 
which is a reduced form of the long-run production function. Then, this 
function depends on the prices of the factors and inputs weighed by the 
parameters of the production function and on X^, which is the credit bill 
for the beef cattle industry. 
The multiple regression model 
Type, quantity and quality of information available greatly limit 
the extent to which equation 2.12 can be used in specifying the relevant 
multiple regression models to test the hypothesis about production respon­
siveness to credit. For instance, the credit bill for beef cattle pro­
duction as required for this research was limited to the 1967-76 10-year 
period [53]. On the other hand, cattle production from the GNP statis­
tical data is not fully reliable, as proven before, and this study has 
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to rely on the beef cattle inventory model estimations for both 
production and cattle supply. Furthermore, Pg of equation 2.10 enters 
into equation 2.12 and is not a straightforward interest rate. It is a 
combination of credit costs which could be expressed percentagewise in 
accordance with the maturity of each loan, and has never been estimated 
by the commercial banks or the Central Bank. The proxy interest rate 
for the aforementioned period which could be used in place of p^, the 
interest rate of Government bonds, was controlled and fixed by the 
Government and, therefore, lacks market representativeness. 
The following regression model is offered with these limitations in 
mind to complete the test of production elasticity to credit (Table B16): 
Yip = Yip[Z,C], where (2.13) 
Z = [a(X^/X^) + (Xj/Xj)], (2.14). 
where: 
Y^p = production of cattle as projected by the physical model, 
measured in metric tons of live weight; 
13 
X^ = the index of minimum wages for beef cattle farm workers; 
X^ = the average index for the 10-year period 1967-1976; 
Xj = the price index of agricultural inputs as calculated from 
GNP studies [8, 10]; 
Xj. = the average index for the 10-year period 1967-1976 [10]; 
13 Government decrees as published in La Gaceta, an official Govern­
ment publication. 
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C = credit bill for the beef cattle industry [53]; and 
a = a coefficient for weighing the relative importance of labor 
lA 
cost in the gross value of beef cattle production. 
It is to be noted that p^ is theoretically a variable which ought 
to be included in 2.13 and is not. Statistically, then, p^ becomes a 
left-out variable in the terms explained by Rao and Miller [59]. Conse­
quently, the estimated parameters for Z and C may be biased if p^ is 
correlated to either or both of these independent variables. It may be 
assumed that the correlation between p^ and Z is very small or approach­
ing zero, but such assumption is not totally valid for the relationship 
between C and p^ as is the price of credit. Following Rao, it may be 
stated that the size of the biasness of the parameter of C: 
ECBg) = Bg + ^ 2*^22,1 (2.15) 
is measured by ^2*^32 1 ^ ^^^h is a quantity formed by the multiplication 
of the parameter of the left-out variable times a coefficient which is 
computationally equivalent to a regression coefficient between p^ and C, 
where C is considered the independent variable [59]. 
It is expected, however, that the value of b^^ ^ would be small such 
that the biasness of would not invalidate the testing of the hypothesis 
concerning production elasticity to credit. Such expectation is partly 
based on the manner the credit bill is decided upon by the Central Bank. 
In the first place, it is determined in accordance with production expan­
sion requirements with little or no reference to the interest rate (one 
^^1.5 is the relationship between labor and out of the industry in­
puts [84]. 
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of the main components of Pg), and that interest rate remained relatively 
low (9 percent, banking commission included) and fixed during the 1967-
1976 period. Then, consideration is given to changes in production costs, 
particularly due to imported inputs. Finally, in implementing the credit 
bill the commercial banks distribute it in accordance with their assess­
ment of the industries' ability to repay loans.Then the relation 
between the price of meat and milk becomes a criterion in that distribu­
tion of credit. 
This assumption was tested with the aid of a model conformed in 
that manner: 
p^ = U.S. dollar/metric ton of exported beef; 
p^ = U.S. dollar/1,000 liters of milk paid to farmers; and 
S = supply of cattle as estimated by the Central Bank, measured 
in metric tons of live weight equivalent. 
The solution to this model offered the following information: 
C = C[P^, P^, S, XJJ (2.16) 
where: 
log C = -9.4379 + 1.697 log p . - 1.0005 log p 
^ (2.416) (.398) (,766) 
(2.17) 
+ 1.583 log S + .091 log X 
(.7527) ^ (7.76) = .97 
^^lieef cattle credit is comprised in a bill assigned to various 
animal protein producing industries. 
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The significant parameters are those for p^ lagged one period and for 
which together are close to the definition of the gross value of 
sales of beef cattle but do not define such value. It is evident that 
beef cattle prices lagged one year, and the estimated supply of cattle 
for the current year, are the most important components in the decision 
making process for determining the amount of credit for cattle produc­
tion. Both elasticities of price and cattle supply are very high and 
positive. These elasticities are, however, short-run elasticities. 
The price of milk plays an important but not statistically significant 
role in increasing or supressing the amount of credit alllocated into 
beef cattle. This cross elasticity of milk for credit is negative, as 
expected, and slightly higher than one. Increments in the price of 
inputs do not seem to play any important role in the aforementioned 
decision process. These outcomes seem to confirm that the interest rate 
is not an important variable in establishing the credit bill, which in 
turn represents a ceiling value for the commercial banks to grant credit 
to the industry. 
From the credit user viewpoint, however, p^ may have increased due 
to other components different from the interest rate. Such are the 
costs and lifting of liens and mortgages, lawyer fees, credit commissions, 
property inspections, and the like. These charges may influence their 
loan contracting decisions. Consequently, b^^ ^ may have a positive 
number, but too small to call for concern. Therefore, is slightly 
^^For p^ at 0.05 and for S at 0.01. The model at 0.05 p. 
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biased upward. Nevertheless, if the elasticity is significant at 0.05 
and conforms to the hypothesis which is tested, it can be accepted. It 
would only mean that the true elasticity is slightly smaller than the 
estimated parameter. 
The solution to model 2.13 to test the hypothesis of production 
elasticity to credit yielded these results: 
= (.12)(10"*) - 141.017 + 1,277,767 (2.18) 
^ (6,804) (55.5917) (277.309) R--.928 
{-269.2121 < -12.8277} (2.19a) 
-[-.455 e^ -.221} (2.19b) 
.[638.3 < B.c 1,917.24} (2.20a) 
{.18 < e ^ .54% (2.20b) 
L "t-1 
The parameters of the model were both significant at 0.05 p (two 
tailed "t" test) level and the model was also significant (F 2,6) at 
that level. The signs of the parameters were also correct, negative for 
the composite of costs and positive for credit availability for beef 
cattle production. The confidence interval for both parameters, 2.19a 
and 2.20a above, allows one to estimate the range for the mean elastici­
ties for the composite of costs, e^, and for the credit availability, 
e . These values are -0.276 and 0.36, respectively. 
Ct-1 
This model shows that beef cattle farmers revise credit plans with 
one year of anticipation to actual production. It also shows that farmers 
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react to actual changes in prices of (the composite of) inputs in 
opposition to looking to the trend of those prices. 
On the quantitative side, this model offers policy implications. 
Actual reduction (or increments) in the (composite) cost of inputs ought 
to be relatively large to affect actual production plans. It is neces­
sary to reduce (increase) the composite price of inputs by 3.62 percent 
to induce an increment (reduction) of 1 percent in production, ceteris 
paribus. This implies that long run production plans are very insensi­
tive to actual changes in the (composite) cost of inputs. Concerning 
credit, production is also very insensitive and also requires large 
changes in the availability of credit to induce a small change in their 
production plans. An increment in credit for beef cattle of 2.78 per­
cent will alter production plans but bring forth only 1 percent more 
production, ceteris paribus. 
Acceptance of hypothesis 3 
As stated above, if the parameters of the model were significant at 
the preselected level, the hypothesis could be accepted. In agreement 
with such statement, hypothesis 3 was accepted and stands as presented 
at the beginning of this section. Beef cattle production is inelastic 
to credit availability. 
This acceptance, however, is subject to the following qualifications. 
In the first place, there is the question of the sample size. The number 
of observations is relatively small for a long run production function 
to offer highly reliable values. Nevertheless, in view of the results 
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which strongly suggest an inelastic response of production to credit 
availability, the hypothesis was accepted. In the second place, there 
is the problem of biasness in If this bias exists which 
implies that the true elasticity was even smaller than the estimated 
elasticity and in both cases the hypothesis was accepted. In the third 
place, there is the problem of production estimation. The values used 
are those generated by the cattle inventory model in view of the relia­
bility problem with the data contained in the GNP studies. However, the 
physical model proved to be effective in estimating changes in and total 
cattle inventory and beef cattle supply. It follows that production 
estimations were also acceptable. 
It can be concluded that for the purposes of this research the 
model performed adequately and its results could be of assistance in 
conforming and evaluating the outcomes of various agricultural policies 
directed to the beef cattle industry. 
Synthesis 
The developments of this chapter have shown that production and 
export goals of the National Development Plan 1979-1982 "Gregorio José 
Ramirez," appear in error and are seemingly unattainable. Production 
was improperly defined and contained a component which did not corre­
spond to the country's productive effort. It was improperly defined be­
cause it included disinvestment in beef cattle and an unreported number 
of cattle imported, presumably from neighboring countries. Thus, the 
production goal was overstated. In view of these facts, the amount of 
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exports projected in that plan were also in error. On account of these 
exports, 40,000 slaughter steers might have been imported and officially 
unrecorded in 1978. Furthermore, the production goal seems unfeasible 
in view of the additional amount of agricultural land required to attain 
it. Such production would have exhausted that agricultural land by 1982, 
in accordance with its availability estimated by the plan [52]. 
A production goal for the beef cattle industry legitimately has a 
place in the National Development Plan, but the production goal was in­
cluded in it for wrong reasons. This goal was needed to design a program 
and concurrent policies which could redirect the downsloping production 
trend which began in 1975. Total cattle inventory, in particular the 
inventory of cows, and production were decreasing. The growth in cattle 
supply created the illusion that production was also increasing when, in 
fact, the increments in cattle supply were due in part to reductions in 
total cattle inventory. 
The interpretation given to beef cattle marketing signals led 
planners to disregard the use of policies such as restrictions to the 
slaughtering of cows and export quotas. These two policies could give 
a new impulse to beef cattle production. Instead, those signals were 
interpreted as allowing for future increases in beef cattle exports. 
Stein's [74] comments about export quotas fit quite well with present 
circumstances, may years after his analysis of the way such export quotas 
were established and the reasons for subsequent reforms. The changes 
(increments) in beef and beef cattle export quotas were dictated by 
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present and foreseen international market opportunities, rather than by 
production surpluses as the law intended beef and beef cattle exports 
to be. 
This chapter shows that an increment of 2.7 percent in beef cattle 
production would require by 1981 the use of such other policies as re­
strictions to the slaughtering of cows and export quotas. However, if 
the export goals were to be maintained to avoid compounding the balance 
of trade problems, the national consumption of meat would have to be 
violently suppressed. Nevertheless, local consumption of meat and meat 
export goals could be fulfilled if beef cattle imports continue, whether 
recorded or unrecorded. 
The multiple regression model to test hypothesis 3 led to its 
acceptance. That model showed also that beef cattle production was insen­
sitive to changes in the index price level of inputs, which included 
labor. 
Some policy implications to deal with the beef cattle industry are 
derived from the aforementioned estimating model. However, the assess­
ment of these and other policies selected by the National Development 
Plan would have to wait for the developments of the following three 
chapters. Meanwhile, it is sufficient to say that such assessment is 
done in a microeconomic context. It analyzes individual farmers' reac­
tions to policy actions by tracing their decision making process. Two 
reasons advise the use of this microeconomic approach. The insufficiency 
of macroeconomic data to properly assess those policies is such a reason. 
57 
The testing of hypothesis 3 proves this reason. The need to gain 
understanding of how beef cattle farmers react to policy actions in 
accordance with the technological make up of their farms. Policy makers 
may believe farmers react in a given way to policy actions, when, in 
fact, farmers' reactions are conditioned by those actions and their other 
production options. 
The decision making process of beef cattle farmers is assumed to 
be represented by a linear programming model and an optimization process. 
Economic efficiency [37, 43, 45, 69] is derived after every change in 
policies and the former and the new states are compared to infer policies' 
effectiveness in bringing about production changes. The cost and benefit 
of each policy is then assessed. The next chapter expands on the details 
of this technique. 
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CHAPTER III. ANALYTICAL FRAIffiWORIC 
FOR POLICY EVALUATION 
The subject matter of this and the following two chapters consists 
of evaluation of policies selected by the National Development Plan on 
credit, interest rates and price control of inputs for beef cattle farms. 
These policies encompass hypotheses 1, 2, 4, and 5, and objective 
5. 
Chapter II brought to light the infeasibility of both the production 
goal stated in physical terms and the monetary export target for includ­
ing a foreign dimension in the country's productive effort. The latter 
implied disinvestment in beef cattle during the 1979-82 planning horizon. 
The export target without the foreign component would be infeasible un­
less domestic consumption of meat were suppressed. Nevertheless, a 
growth rate of 2.7 percent per year for beef cattle production could be 
considered feasible. 
Thus, the underlying premise in this appraisal is the feasibility 
for production to grow at the percentage rate selected by the National 
Development Plan for the 1979-82 period, so that 1982 output becomes 
11.2 percent higher than 1978 production. However, information for 1979 
seems to indicate the goal for that year was unrealized,and little is 
known about production for 1980. 
^^Cattle supply for 1979 dropped from 406,480 to 393,800, 12,700 
less. Bureau of Census, unpublished data. 
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The productive effort of the beef cattle industry would, therefore, 
be concentrated in the last two years of the plan, 1981-1982. Only then 
could production for 1981 reach a value of 8.3 percent higher and pro­
duction for 1982 a real value 11.2 percent higher than the 1978 mark. 
The testing of hypotheses and policies is performed at the micro 
producing level, the individual farm. It takes individual producers 
and analyzes their specific reactions to policies and policy combinations 
in seeking to determine whether levels of production are compatible with 
those expected for the years cited above. 
This approach permits one to simulate those reactions to 
policies in a controlled environment, but with full recognition to the 
objective and subjective limitations of production, including the tech­
nological level of the individual farms. 
Amounts and types of land available may be considered an objective 
limitation to production expansion, while maximum or minimum levels of 
production for any particular activity within the farm may be regarded 
as a subjective constraint. Understanding the reasons underlying these 
subjective constraints is of great value and assistance in policy formu­
lation, but also explains why production sensitivity to incentives may 
be low or high. 
Low family income and equity may cause the farmer to venture little 
into activities with high net incomes with which the farmer associates 
a very high risk, e.g., grains versus beef cattle. He may well set a 
minimum to an activity with lower risks. 
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In addition, there may be a lengthy chain of production processes 
that includes separable activities, all of which may be performed within 
a farm or by separate farms in various combinations. Such is the case 
with beef cattle production. 
The recognition of this separability becomes a necessity to tailor 
flexible policies. This need is accentuated if analyses are required 
regarding the effectiveness of policies to accomplish a goal. 
The assessment of those policies becomes increasingly complex. 
The larger the number of activities in the producing unit, the wider the 
output mix options become. 
Linear Programming as a Tool 
Policies seek to bring about an outcome which differs from that 
which would have come into fruition had the Government actions not been 
taken. Those actions tend to alter the relative values of those options, 
to generate that output which reconciles the objectives of the policy 
makers with those of the producers. 
Policy makers, on the other hand, are confronted with deciding the 
magnitudes of their controls and incentives. They are also interested 
in bringing forth a given level of production at a minimum cost or mini­
mum outlay of means for the Government [45]. They face an optimization 
problem, one which is to be blended into the farmers' productive struc­
ture and decision making process. 
Changes in the productive structure may be lengthy and costly as it 
implies a re-education of producers. The results obtained in a given 
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time frame, might not be those sought for by the policy makers. Changes 
in the values of production options with a given set of incentives may 
bring forth an expected result, but at a cost which policy makers might 
not be willing to pay. 
Optimization techniques have been known for at least a century in 
the physical sciences [36], and were later adopted by economists in 
optimizing behavior for the firm and the consumer. Lange [45] calls 
this technique marginal programming, and by design output is always max­
imized given a set of inputs [51]. Resources are used to the limit of 
their availability. 
During the 1940s, an optimization technique was conceived which 
developed in connection with military activities and which allows re­
sources to go unused yet a goal is optimized. This technique, linear 
programming, provides a method by which the best production possibility 
is selected from among a set of feasible production possibilities— 
"given an objective, the technology of the producing unit, and economic 
conditions" [26]. 
The mathematical structure of this technique gives it its name. 
The objective is expressed in linear form as a function of the unknown 
values of the levels of activities in those production possibilities, and 
those activities have to satisfy a system of linear equations [49]. 
That objective function is either minimized or maximized subject to 
the constraints imposed on those activities. To accomplish that, the 
objective function has to be numerical [61]. 
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Assumptions in linear programming 
Linear programming has become a widely used optimization technique 
in an ever increasing number of fields [38], notwithstanding the fact 
that its use is somewhat restricted by the implicit and explicit assump­
tions, stated as follows: 
1. Linearity. This assumption has already been mentioned in 
regard to the origin of the technique's name. Both the objec­
tive function and the balance conditions (inequalities or 
equalities) are expressed mathematically in linear form. The 
relationship between the set of activities and the set of re­
sources or constraints is also linear. That is, increasing or 
decreasing returns to scale (decreasing or increasing costs) 
are not handled too efficiently by this technique. The results 
obtained in the optimization process would not be as represen­
tative as expected. Nevertheless, there are still ways to use 
this technique under those conditions, if different levels of 
efficiency of an activity are handled as different activities 
[38]. 
2. Proportionality. Linearity further implies that the flow of 
inputs into the activities and the flow from the activities are 
always an amplified or reduced image of the activity level. 
Doubling the value of the activity level will mean doubling the 
amount of resources used in that activity [26]. 
3. Additivity. It follows that production from activities and the 
resources used by those activities are additive. Total 
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production is the sum of the production of the various activi­
ties, and total amount of resources used is the sum of the 
resources used by each activity. If there is interaction between 
two or among three activities, they have to be redefined as one 
activity [38]. 
Divisibility. This assumption means that both outputs and 
inputs can be produced and used in fractions of a unit. The 
optimization could be accomplished with 3.78 units of an activity 
or a resource could be used to 124.35 units. The implication 
is that production and resources are continuous flows and, 
therefore, infinitely divisible. In the decision making process, 
increasing production to 4 units of that activity instead of 
3.78 does not introduce a decision making invalidating error. 
If the marketing process requires whole units, say a slaughter 
steer, producing 4 units may be closer to the theoretical opti­
mization than 3.78. This problem may be addressed through a 
special technique known as integer programming. 
Finiteness. This assumption implies that there is a limit to 
the number of production possibilities open to the producer 
and to the number of restrictions production is subjected to, 
which require consideration in the process of optimization. 
From the practical viewpoint, producers are seldom interested 
in a very wide range of alternatives nor is every resource 
available to them a restriction to their production. Optimiza­
tion focuses on the production possibilities of true interest 
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to producers and defines resources which with certainty restrict 
those production possibilities [38]. 
6. Nonnegativity. Negative values for the flows of production and 
inputs are not possible in this analytical framework. It is not 
acceptable to have negative hectares of land or negative slaugh­
ter steers. Both production and resource use have zero as their 
lower bound [26]. 
7. Certainty. Perfect and pure competition market conditions are 
the closest way to defining what is meant by certainty in linear 
programming when it is used for production optimization. Prices, 
and availability of inputs and outputs, and input/output rela­
tionships are all knoivn. This firm's production does not affect 
market prices for the commodity or commodities in question, nor 
does it affect the prices of the inputs it uses. This single­
ness in values may be the weakest of the assumptions in linear 
programming. However, it might be one of the few economically 
feasible avenues open to deal with individually tailored prob­
lems of optimization. Nevertheless, when market forces are 
interfered with and prices of competing products may be known 
with great "certainty," the optimization process is more effec­
tive. The case in point could be price fixing or price stabili­
zation programs. This is the rationale for performing sensitivity 
analysis, as noted before. 
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How the tool Is used 
The evaluation of policies and testing of hypotheses is executed 
with the aid of the linear programming technique. Farmers' income will 
be maximized by including and(or) deleting prices (interest rates con­
sidered) and(or) constraints from every maximization process. Another 
avenue is to change input-output coefficients to simulate changes in 
production techniques and in farm technology. 
In a broad sense the testing procedure follows these steps; 
1. The most recent production structure of the individual farm 
is cast into a linear programming form and tested. 
2. Sensitivity to price changes of both inputs and outputs is 
assessed. This test will permit one to delineate the range 
over which optimal plans are insensitive to resource and price 
changes. 
3. Policies are introduced into the linear programming concerning 
input price changes, output price changes, resource price 
changes, and levels of beef cattle credit, 
A. The linear programming is optimized. 
5. Policy effectiveness is assessed. 
6. The trade-off between policy costs and output levels is estimated. 
Policies may be built into linear programming in three different 
ways. First, they may be considered as activities in the context of the 
farmers' production technology. For instance, by using transfer rows a 
subsidy may be paid to a farmer if, and only if, he complies with a given 
regulation which directly affects either an input, a technique or both [86]. 
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Second, it is possible to estimate various levels for the known 
values of the linear objective function if policies are concerned with 
prices of inputs, outputs or resources. 
Third, it is possible to define various levels for the constraints 
if policies are restricting or lifting restrictions on the use of re­
sources [17, 38]. 
This research seeks optimizations with policies built into the linear 
programming in accordance with the last two procedures. 
Developing the Programming Model 
Linear programming is an arrangement of a number of elementary 
functions which transform a flow of inputs into a flow of outputs and 
are defined by transformation ratios [25]. Each elementary function is 
unique. 
These elementary functions receive the name of activities and the 
transformation ratios are generally called input-output coefficients. 
Thus, in order to construct a linear programming model these activities, 
or building blocks, must be defined. The purpose of optimization may 
dictate how. 
Credit and interest rate policies for beef cattle production in 
Costa Rica discriminate in accordance with two criteria: stage of pro­
duction and farm size. Calf cropping is receiving favorable credit terms 
as compared to other stages of cattle production. Small farms are being 
favored over large farms. Consequently, in order to properly assess 
those policies, the linear programming has to be decomposed into as many 
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activities as required to fulfill the objective of the study. For 
example, it is possible to define a calf cropping activity as separate 
from cattle "developing" activity, and from a cattle "finishing" activity. 
If all three are carried out in the same production unit, other functions 
develop also and have to be accounted for. These are additional selling 
activities which are. related to the "producing" activities through trans­
fer rows. The latter ones refer to "moving" calves from a calf cropping 
activity to a cattle development activity, which is possible if it is 
more profitable than the alternative of selling calves, and from cattle 
development activity to cattle finishing activity, if the same criterion 
applies. 
In large farms,buying cattle for developing and(or) finishing is 
done concurrently with calf cropping and subsequent production stages. 
These and other purchasing activities ought to be accounted for. 
• • 
Credit procurement for cattle production, as well as for other farm 
activities, needs equal treatment—as many activities as there are credit 
terms. These also call for new transfer rows, those from credit procure­
ment to the activities which "transform" credit. 
On the other hand, small farmers may lease pasture land to care for 
transitory cattle spillovers or because it is profitable to sell cattle 
more developed. This leasing activity calls for a transfer row also. 
The number of elementary functions in the linear progarmming will 
depend on the size and technology of the farm. It is contingent upon 
the number of activities which could be defined for them, individually. 
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The farms selected for policy and hypotheses testing are diverse in 
these characteristics. 
Type and number of constraints are also variable. Subjective 
constraints are, in one case, for a maximum size for the reproducing 
herd and, in another, for a given level of land allocated to cash crops. 
The following mathematical formulation summarizes the building 
blocks, or linear programming model, which accounts for all possible 
situations which will be encountered in the five farms finally selected. 
It will require small modifications to tailor it to every specific case 
or farm. 
h v r 
Maximize 0 = i^d^x . c, x . +^p q 
f i j  k  k  J  g  s  s  
where; 
d^ = total variable costs of transformation activities, excluded 
the costs of inputs and resources individualized for policy 
analysis, or the unit cost of procurement activities— 
f = 1, 2, ..., h; 
c^ = gross income of the unit activity level, less the variable 
costs of inputs and resources not included as procurement 
activities— k = h+1, ..., n; and 
p^ = market prices for all selling activities q^— s = 1, 2, ..., r. 
Subject to: 
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Itoximum constraints 
*11*1 + ai2'*2 ain*n — \ 
to 
agl*! + *S2*2 + + - "g 
Equality constraints 
*g+l,2*2 ag+i,nXn = ^g+1 
to 
Vl + V2 + + \ 
Tranfer rows 
^m+1,1^1 "*• \+l,2^2 "*• ^m+l,n^n"^l " " 
to 
^m+r,l^l Vr.2^2 + + W,nVlr = ° 
and to: 
x^'sïO i =  1, 2, m+r 
q^'s > 0 j = 1, 2, ..., n 
b s SO 
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When the objective function is maximized, the second and third terms 
of the right-hand side of the equation contribute to total gross income 
and the first will subtract from it, as all d's are negative and all 
c's and p's are positive. The end result of the optimization process is 
net income for the farmer. 
These coefficients will be changed in various optimization processes 
in order to test policies and hypotheses, that is, there will be various 
C rows. Changes in restrictions, particularly with regard to credit 
levels, will be handled with various B columns in the model [17]. 
The following chapter presents some background of the data which 
will enter into the linear programming model developed above and which 
are used to measure the effectiveness of the policies selected by the 
national development plan to achieve production goals. 
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CI-IAPTER IV. ECONOMIC AND TECHNICAL DATA FOR 
LINEAR PR0GRAÎE1ING MODEL 
Economic and technical information for the linear programming model 
was obtained from primary sources by means of personal interviews. 
Those intereviewed, however, requested complete confidentiality. 
There are many avenues developed and tested for selecting farms 
f'')r study [75]. In this particular instance, farmers were chosen from 
1 Q 
a listing provided by the Extension Service personnel, MAG, who are 
advisors to farmers in the cattle subregion selected for this research. 
This listing was devised in accordance with criteria supplied for that 
purpose, as explained below. 
Selection of Study Area 
In view of existing financial and manpower constraints, it was known 
from the outset of the research that the number of farms to be visited 
for eliciting information would be small. Consequently, the data to be 
used would have to reflect variability due to farms technology and 
farmer characteristics only, as opposed to reflecting all the factors 
influencing production. 
But prevalent weather patterns in the various geographical divisions 
of the country where beef cattle is grown were also presumed to condition 
beef cattle production responses to policy changes. Their influence is, 
18 Bureau of Census listing of farms is not available for research 
not officially sponsored. This listing was devised upon the author's 
request. 
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of course, indirect (the direct influence of policies is obvious). For 
example, a farmer in an area with more favorable weather conditions may 
possess a larger number of production possibilities than farmers in 
areas less favored by those natural elements. Actual and potential 
technology in both areas may be different and, consequently, reactions 
to agricultural policies may follow different patterns. 
This presumption led to the selection of farms in a geographical 
context (Figure 4.1), though the estimated reaction of beef cattle pro­
duction to agricultural policies might lack national applicability. 
There are studies which explain why a given segment of the country 
can be classified as an agricultural region [57, 68] sustained with 
factual information and a set of variables [71]. These are very useful 
either for contributing to an understanding of an outcome, or for con­
tributing to the decision making process for agricultural policy. 
Seldom, however, have these studies been dissected to show the 
different agricultural industries which form the production of the vari­
ous regions to bring out their common characteristics, such as various 
constraints to production which enhance that decision making process. 
Cattle regions 
This section draws heavily on the work by Luis P. Manrique on the 
definition of cattle regions for Central America [48]. It brings out 
common denominators which mold beef cattle production techniques and 
technology in cattle farms. Such definition of cattle regions fits the 
needs of this research. 
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A cattle region is a geographical area which possesses life 
sustaining characteristics for various types of cattle [48]. Beef cat­
tle regions are defined with the aid of bioclimatic variables which 
affect both the production of cattle and milk and the production of 
forages. Those factors are temperature, rainfall, winds, humidity, soils, 
geology, real and potential water evaporation, water retention capacity 
of soils, déficiences and excesses of water in the soils, and the environ­
mental conditions for cattle and forages. 
For instance, cattle tolerance to temperatures was established in 
accordance with the known environment in the country of origin of the 
various breeds and the environment in which they have proven to be suc­
cessfully adapted [34, 65]. To illustrate the point, dairy breeds are 
unsuccessful in temperatures around 40° C, as production of milk is then 
inhibited [48]. 
The amount of water in the form of rainfall, temperature, humidity 
and soil mechanical characteristics defined areas for the production of 
forages by types; for example, the low nutritional value of forages in 
areas of high rainfall due to leaching. 
The combination of these factors yielded various indices which 
established the selection process for cattle regions, known as bioclimatic 
criteria. These indices defined: (1) five thermal zones, (2) five 
hydric bands determined by the Thorntwait hydric index, (3) five com­
plementary feeding bands which were related to the amount of green 
biomass available throughout the year (quantum of grasses), and (4) three 
supplementary feeding bands which related to the quality of grasses. 
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These four indices led tc a composite index which helped to delineate 
the macro-biocliraatic cattle regions. The final synthesis was made by 
superimposing the various maps which contained the information and iden­
tification of bands of the individual indices [48]. 
Some characteristics of cattle farms 
by cattle region 
Four macro-bioclimatic cattle regions were recognized: (1) very 
good and good for beef cattle, (2) good for milk, (3) regular for both 
milk and beef cattle, and (4) bad for milk and regular for beef cattle^^ 
[48]. 
20 A special tabulation of 1973 census data seemed to confirm the 
value of the classification of beef cattle regions following the indices 
substantiated by bioclimatic variables [31]. The region classified as 
good for milk showed features which were clearly associated with dairy 
farming: a high milk production per cow and a low calf/cow ratio 
(Table CI). Production of milk per cow per day in this region was almost 
10 times larger than the national average (8.4 and .89 liters, respec­
tively) and the calf/cow ratio, as reported by the data, was about two 
thirds the national average (0.42 and 0.63, respectively). Another fea­
ture which indicated a high degree of specialization in dairy farming 
was the low amount of land allocated to other uses such as annual crops. 
19 
This fourth region was derived from the other three. 
20 Computed by the Bureau of Census, upon request from the author. 
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The region classified as regular for both milk and beef cattle also 
showed some dairy farming characteristics such as an average production 
of milk per cow, 2.41 liters, which was higher than the national aver­
age, but a not too small calf/cow ratio, yet below the calf/cow ratio 
for the other two regions. Also, only 5.5 percent of the farmland was 
allocated to annual crops. 
The region classified as very good and good for beef cattle was the 
second largest in number of farms—16,400, farmland—1,124,200 hectares, 
and in land allocated to various uses, but was the largest in the number 
of beef cattle—790,500. Its calf/cow ratio was below the national 
average as was its average number of cattle per hectare—1.12. Farms 
in this region had allocated, on the average, 62.7 percent of their farm­
land to beef cattle production. Milk production per cow was about three 
quarters the national average. 
The information for the cattle region classified as bad for milk 
regular for beef cattle was not totally consistent with the classifica­
tion given to it. The calf/cow ratio was the largest in the nation— 
0.659, and was also first in number of farms—18,400, total farmland--
1,191,800 hectares, and cattle per hectare, 1.18. It was second in 
total pastureland—632,400 hectares, and total cattle~748,100. This 
region had the lowest production of milk per cow—0.47 liter per day 
(Table CI). 
A common feature of all cattle farms, whether beef or dairy, was 
the heavy reliance on manpower for production. More than three quarters 
of all farms used human energy as their only source of power in bringing 
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forth outputs (Table Cl, column 12). There were differences among 
regions. Those where the average size farm was larger used less manpower 
and more mechanical or animal power than in regions where the average 
size farm was smaller (77.5 and 86.7 percent, respectively). Electricity 
for production was used in a very small portion of the farms. As ex­
pected, the leading region was that qualified as good for milk, followed 
by the region called regular for both beef cattle and milk. Individual 
ownership was another common characteristic to all cattle farms, and 
the observed variability was very small. In all cattle regions, the per­
centage of farms individual owned was in the neighborhood of 92 (Table 
Cl, column 5). 
Cattle farms represented 53.6 percent of all farms in the country, 
possessing 84.3 percent of all farmland, 72.4 percent of all land allo­
cated into annual crops, 4.2 percent of all land allocated into perennial 
crops, 95 percent of all pastureland, and 79.1 percent of all forestland 
(Table C2). In view of these facts, it seems that beef cattle farmers 
have a wide interest in agricultural production. Thus, calling beef 
cattle an individual industry, when beef cattle production takes place 
in a production mix context, does not reflect production realities in 
cattle farming. 
Selection of Cattle Subregion 
The region qualified as very good and good for beef was targeted for 
the selection of farms for this research. This region comprised an area 
estimated in 1.7 million hectares of which 1.1 million was in farmland 
owned by beef cattle farmers. 
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It was further subdivided into subregions by separating the sections 
classified as very good from those grouped as good [48]. These, in turn, 
were subdivided into subregions within the very humid and humid hydric 
bands and within the subhumid and semiarid hydric bands. 
In total, there were seven subregions: three were classified as 
very good, I-l-A to C, and four as good, I-2-A to D (Table C3). Sub-
region I-2-A seemed to offer the potential required for this research, 
in terms of its relative importance as a beef cattle producer and also 
in view of the natural constraints that production is subjected to. 
First, as beef cattle producer, it contained 61.1 percent of all beef 
cattle in the region and 57.7 percent of all its farmland. Furthermore, 
it leaned toward strict beef cattle production if the average production 
of milk/day per cow, 0.18 liter, can be used as an index to infer that 
it is not a milk/beef joint production type. Yet, farmers in this sub-
region showed a diversified interest in agricultural production since 
9.4 percent of all land being used was allocated into nonbeef cattle 
related outputs. Second, constraints to production due to natural ele­
ments had induced technological changes which were shown by the amount 
of land both irrigated and fertilized. In relative terms, irrigation was 
used more extensively in region I-2-A than in region I-2-B, 30.6 per­
cent more, although in both cases the amounts of irrigated land were 
but a very small proportion of their respective land under production 
(Table C3). This introduced element of variability which, if it showed 
in the farms to be selected, could enlighten the results of this research. 
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Beef cattle subregion I-2-A was located on the northwestern section 
of the country, between 9° 30' and 11° 12' latitude North and 84° 30' 
and 85° 55' longitude West. It borders the Republic of Nicaragua to the 
North, the Pacific Ocean to the West and the Guanacaste's Mountain Range 
on the East. It was limited to the South by the Nicoya Bay and covered 
an important segment of the Nicoya Peninsula. The main basin in this 
subregion was formed by the Terapisque River and its tributaries which 
discharge into the Nicoya Bay (Figure 4.1, shaded area). 
There were 770,600 hectares of land in this subregion of which 19.9 
percent had little agricultural use due to slope, erosion and shallow 
soils [80] (Table C4). Soils of alluvial origin represented 24 percent 
of the subregion's land, of which 6.95 percent wa-s*classified as marsh­
lands—A-5—with no agricultural use. Also, there were soils of 
Fluviolacustrine origin—A-7—of very heavy texture which do not allow 
heavy mechanized farming, fertile and with a slope of 2 percent or less. 
The best soils in the subregion were the type A-1 (Udolls, Ustolls and 
Tropepts), deep, rich in organic matter and fertile, and had slopes of 
2 percent or less. They represented 11 percent of all available land. 
A fourth type of soils of alluvial origin was heavy in texture and poorly 
drained—A-4—without morphogenetic development and hydromorphic 
(Aquents), with slopes of less than 1 percent. These soils represented 
2.7 percent of the available land. 
A third category comprises two types of soils and represents 18.9 
percent of the subregion's land. Of this category 7,700 hectares, or 
1 percent of the total, were of soils of coluvial-alluvial origin. 
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Tropepts, well-drained with slopes of 2 to 8 percent, moderately fertile, 
with medium to moderately heavy texture, B-1. The second type of soil 
developed from volcanic tuffs, Tropepts also, with slopes between 3 and 
15 percent, of moderate to shallow depths, but low in fertility, B-3. 
These represent 17.9 percent of all available land or 138,200 hectares. 
The last category (Table C4) was formed by one type of soil called 
residual on hilly relief?—C-2—moderately deep to deep but very eroded 
and of low fertility, Tropepts and Ustalfs. Of this soil, there were 
286,700 hectares or 37.2 percent of all available land in the subregion. 
These soils have been found to be deficient in phosphorus which was 
confirmed by an analysis of phosphorus content in grasses. It was 
assessed to be below 0.2 percent in Jaragua (Hyparrhenica rufa(neos) 
Stap), which is a subcritical value for phosphorus content [53]. It 
will be noted also that Jaragua was the dominant grass in this subregion's 
cattle farms. 
Temperatures in the subregion varied widely between minimum and 
maximum throughout the year. The average monthly maximum temperatures 
for the years 1961-75 remained about 35° C, and the minimum monthly 
average temperatures were mostly in the 15° Cs, except for July-October 
(Figure 4.2). The seasonal rainfall pattern for the same northwestern 
section of the. subregion showed rains concentrated during Î-Iay-October 
months and a well-defined dry season during December-April months. 
Similar distribution of rains was shown in the seasonal rainfall 
pattern for the southwestern section of the subregion with approximately 
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1,600 millimeters of rainfall for the average year of the 1960-1977 
period (Figure 4.3). 
It follows from the above weather data that complementary feeding 
for beef cattle is required for five months out of the year and produc­
tion flow of beef cattle is slowed down during those dry months. This 
led to classifying this subregion as comprised in the No. 2 band of 
complementary feeding, requiring moderately additional amounts of forages 
during three to five months. Given the type of soils in the subregion, 
water satiation level was estimated at 125 millimeters a year. The ex­
cess amount of water for these soils was assessed over 400 millimeters 
a year. Due to this problem, the subregion was classified in the band 
No. 2 of supplementary feeding problems [48]. 
In synthesis, over 20 percent of this subregion's area had little, 
if any, agricultural use. Fertility was low in 55 percent of all soils, 
moderate in 1 percent and good in 22 percent. Nevertheless, mechanized 
farming was restricted in soils type A-7 which corresponded to one third 
or the soils with good fertility [80]. Furthermore, the type of texture 
of most soils, medium to heavy, had favored beef cattle farming over 
other agricultural activities. However, it also restricted beef cattle 
production due to the quality of the forages, which were deficient in 
some needed minerals and phosphorus, and low in protein content [81]. 
Quantity of forage produced was also restricted in the subregion due to 
meteorological phenomena. Land for production expansion in the subregion 
was apparently limited (Tables C3 and C4). 
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Selection of farms in study area 
The economic and technical information for the linear programming 
model was developed by first selecting a number of farms for eliciting 
information and then choosing a subset which embraced a variety of fac­
tors influencing beef cattle production. 
That selection was made from a listing prepared by the Extension 
Service personnel assigned to the various agencies of the Ministry of 
Agriculture in the subregion. This listing contained 85 farms. Of these 
farms, 17 (or 20 percent) were selected subjectively but in accordance 
with farm sizes. However, two farms were eliminated due to unreconcilable 
incongruencies in the information supplied. It is to be noted that in 
the subregion there were more than 4,000 beef cattle farms reported in 
1973 [31]. 
Criteria for selection of farms 
The farms selected for study are not necessarily representative of 
an area or of any particular set of characteristics, statistically speak­
ing. They are, in effect, the first step in the selection of the case 
studies. However, an attempt was made to obtain variations in the farms 
first selected following the conditions discussed before. Consequently, 
results of the study cannot be generalized to the area or to the country. 
Six aspects were considered for developing the listing of farms to 
be visited. 
1. Geographical distribution. Size of subregion, number of beef 
cattle fanners and differences in the natural endowments of the 
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various sections of the subregion provided considerations of 
geographic distribution; also (a) avoidance of atypical farms 
and (b) farms where experimentation and demonstration are being 
practiced. Demonstration effects in production could introduce 
special atypical situations. 
2. Farms in the listing should be of three size categories: 
(a) from 0 to 20 hectares, (b) from 20 to 200 hectares and 
(c) larger than 200 hectares. In accordance with 1973 census, 
there were 2,100 farms of category (a) representing 45.2 per­
cent of all farms, but only 2.2 of all farmland; 2,000 farms 
of category (b) or 42.5 percent of all farms possessing only 
19.5 percent of all farmland. Farms in category (c) represented 
12.4 percent of all farms and 78.3 percent of all farmland 
(Table C3, columns 9-14). 
3. Farm technology and beef cattle production techniques ought to 
be as varied as possible. Variations included use of inputs, 
cattle breeds, capitalization in various types of assets, pas­
ture land rotation, and stage of beef cattle production. 
4. Farms ought to be listed without consideration given to official 
contacts established with or by the Extension Service personnel. 
Farms not targeted for extension service should also be included. 
5. Ownership ought to be primarily individual. 
5. Level of education of farm owner and(or) farm administration 
should be as near the average farmer as possible as determined 
by the Extension Service personnel. 
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Some general characteristics of 
farms and farmers interviewed 
In most farms visited beef cattle production started at the first 
stage, calf cropping, and in two of these the production process was 
fully integrated. That is, it included the three stages this report 
recognizes for analysis: calf cropping, developing and finishing of 
cattle. At the same time, these two farms engaged in buying either year­
lings and(or) feeder cattle to produce slaughter steers (Table C5). 
The average size farm for this group of farms was 188.9 hectares. 
The average size farm for the subregion, in accordance with the 1973 
census [31], was 138.7 hectares (Table C3, column 6). The Bureau of 
Census reported 119 farms for this subregion under the category of 
"farms without land." After subtracting these from the total number 
of farms, the average size farm for the subregion was estimated in 140.4 
hectares. This average was 47 percent smaller than the average for the 
15 farms visited. 
The mean age of the farm owner and(or) decision maker, as the case 
may be, was 50.5 years but ranged from 25 to 75. Two-thirds of the farm 
owners and(or) decision makers were over 50 years of age. Of these, 80 
percent did not complete grammar school (Table C6). 
The average number of years of the farm as decision maker was 22.3 
and ranged from 4 to 50. Sixty percent of the farmers and(or) decision 
makers reported decision making experience not less than 20 years. Of the 
farmers interviewed,only one did not come from a family rooted in farming. 
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Information offered as illustration only. 
87 
Finally, there were two farms owned by corporations, but these 
corporations were family owned. 
Approach followed in eliciting 
information 
An input/output coefficient in a linear programming model is more 
than a ratio. Behind that coefficient, there is a story which requires 
full explanation in understanding an activity in its fullness. 
The relative position of each coefficient in an activity character­
izes the technique used by each individual concern or farm in transforming 
inputs into outputs. Each coefficient is an outcome of a combination of 
actions, many of which are common to all other.coefficients in this and 
other activities. 
A linear programming model is looked upon as a system which 
represents the technology of a producing unit and which is formed up by 
the techniques of the various activities or elementary transformation 
functions [26]. 
Likewise, each technique could be regarded as a system and every 
one of its coefficients as its subsystems. Then, from the viewpoint of 
the producing unit each activity has a subsystem; but from the viewpoint 
of the activity each coefficient may be a subsystem. Consequently, 
every coefficient is a sub-subsystem when it is considered in the context 
of the producing unit's technology. 
This subsystem approach was adopted in obtaining the information 
from the individual farmers or farm administrators. The information re­
quested was not restricted to questions of what was done and how was it 
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22 done, but included questions like why it was done that way. These 
results are presented in the discussion which follows to allow for a bet­
ter understanding of the status of the beef cattle industry in the sub-
region. 
Information Gathered for Use in Model 
In agreement with the approach followed to elicit information, nine 
subsystems were identified which were: (1) feeding, (2) sanitation and 
health, (3) genetic composition of cattle stock, (4) cattle management, 
(5) labor, (6) investments, (7) technical assistance, (8) administrative 
capacity of farmers, and (9) credit. Most of these subsystems could be 
represented explicitly in the transformation functions (activities) of 
the linear programming model by defining an extensive production function 
of the appropriate type [38, 39], but other subsystems can only be in­
ferred by making comparisons among models representing various farms. 
Such is the case of the administrative capacity of farmers. 
The number of farms selected for testing policies and hypotheses was 
reduced further from 15 to 5. All the farms visited, except one, were 
pondered as representative of their respective category by the personnel 
of the Extension Service in the subregion. In view of this downsizing 
of the selection of farms, it is advisable to glance at those subsystems 
in all the farms. It will contribute to putting in the right perspective 
the results of the tests cited above. 
22 As discussion with farmers was required, each interview lasted no 
less than four hours. 
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Production of beef cattle 
Consistent with the definition used in Chapter II, production is the 
sum of cattle sales plus inventory changes. There is, however, one dif­
ference. Cattle consumed on the farm were imputed as sales. 
Production of beef cattle recorded for the 15 farms and for one year 
was 1,097 head, equivalent to an average of 73.13 head per farm or 0.48 
head per hectare. The small farms produced relatively more cattle per 
hectare than any of the other categories of farms, whether in numbers of 
head or live weight kilograms (Table C7). For the production cycle 
analyzed, total production of cattle was 5 percent below the amount of 
cattle sold (1,097 - 1,263 head) as compared to total stock. 
Small farms seem to lean toward calf cropping, medium size farms 
toward integrating calf cropping with cattle development and large farms 
toward cattle finishing whether integrating all three production stages 
or not. 
Physical efficiency seems to be the highest in small farms and the 
lowest in medium size farms. Furthermore, if the information gathered 
was also representative of production and supply conditions in the sub-
region, it would partially confirm the results of Chapter II concerning 
the reduction in the country's cattle inventory. 
Feed systems 
Grazing was the most common practice in supplying food to cattle, 
in many instances the only source of food. Laboratory analyses deter­
mined that tropical grasses in Costa Rica contained less than 50 percent 
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of digestable nutrients, and Alba [4] stated further that the beneficial 
effects of fertilization on the protein content of those grasses may be 
cancelled out if they mature too fast. It is accepted that, in general, 
younger grasses have a higher content of protein and, that beyond certain 
stages of maturity it turns to fiber. In view of this finding grazing 
systems become crucial for beef cattle production. 
A grazing system is recognized by a ratio which measures cattle load, 
per unit of time on grass land. The larger the cattle load?the greater 
the production of (beef) cattle per unit of area. However, Santhirase-
garam [66] reported that within certain ranges the physical efficiency 
of various cattle loads did not show any significant difference. Beyond 
those*limits cattle loads, and the implied cattle rotation, became more 
efficient. He stated that the main problem was to experimentally estab­
lish the load and rotation which was optimum for a given farm [43]. 
Grazing systems Cattle loads and rotations vary widely among 
the farms visited. Measured in adult units in accordance with Vigne's 
[34] cattle equivalences, the load in small farms was twice as much as 
in the medium or large farms and the rotation of cattle among grazing 
lots was the highest. That is, cattle did stay for shorter periods of 
time on the pasture subdivisions (Table C8). This implies that each lot 
was used many more times during the year in the small farms than in the 
larger ones, which is equivalent to saying that in these farms cattle 
fed on younger grasses. As stated before, younger grasses have a greater 
content of protein or a greater potential conversion to beef than mature 
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grasses. This finding echoes those reported by Santhirasegaram as small 
farms also produced more cattle per area than the other categories of 
farms. 
Weather effect on the supply of forages This subregion falls 
in the complementary feeding band [48] requiring additional feeding dur­
ing the dry season. This season extends from three to five months out 
of the year. To solve this problem,farmers have followed three avenues: 
(1) cattle sales were adjusted in a way which coincided with the begin­
ning of the dry season, (2) cattle were transported to areas where 
grasses were relatively abundant and (3) hay and grain straw were pro­
vided in addition to what the farm was able to grow during this season. 
Most farmers followed the first procedure above and eliminated whatever 
rotation system was adopted, reverting to continuous grazing. 
Small farmers reported that during the dry season their farms were 
able to support only 61 percent of the rainy season cattle load, while 
the medium and large farms were able to support more than 80 percent of 
their respective rainy season cattle loads during this season (Table C8). 
With few exceptions, farmers played what Rivadeneira [62] calls the 
compensatory growth game. Cattle will exhibit an accelerated recupera­
tion at the beginning of the rainy season which was a cheaper alternative 
to providing cattle with complementary feeding during the entire dry 
season. He qualified this as a production system. 
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Type and quality of forages Farmers showed a marked preference 
for Jaragua (Hyparrheneica rufa(neos) Stap) due to its ability to quiclcly 
recover with the first rainfalls and to withstand cattle trampling, not­
withstanding the fact that other grasses have higher protein content. 
Such was the case of African Star (Cvnodon ninfluencies) which was second 
to Jaragua among the visited farms (Table C9). The latter was shown to 
be deficient in protein and also in phosphorus [81]. This deficiency 
has a negative impact on beef cattle production via lower fertility in 
both cows and bulls [7]. This subregion showed one of the lowest repro­
duction ratios in the country [31] which may stem from an inadequate 
supply of phosphorus in the animal's diet. 
Fertilization of pastures is a recourse to increment both protein 
and phosphorus content in grasses, but used to a very limited extent. 
Production, then, is negatively affected for the reasons summarized here. 
Complementary and supplementary feeding costs Complementary 
feeding consisted of grain straw, hay, sugar cane, molasses, and concen­
trates, but the amount spent (or imputed) was 11.74 U.S. dollars 
per head as an average for all farms. This amount, however, was biased 
as one single farm represented 28.8 percent of all outlays in complemen­
tary and supplementary feeding (Table ClOa and ClOb). In supplementary 
feeding, (minerals, vitamins, etc.) that expenditure was 1.82 U.S. dollars 
per cattle head per year. 
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Sanitation and health 
The mortality rate is looked upon as an index indicative of 
sanitation and health conditions in farms. The average mortality rate 
in the farms visited was 4.42 percent (Table Cll) and this ratio was 
below that referred to by Soley [73] for farms in the same subregion. 
The average for each category of farm size was within + 6 percent of the 
overall average. Nevertheless, there were considerable differences be­
tween the mortality rates for calves and adult cattle. The first of 
these rates varied widely, while the rate for the latter showed a nar­
rower range—from 1.13 to 2.09 percent. 
Causes of mortality An epidemic in a larger farm visited, but not 
recorded anywhere else, influenced the average mortality rate for all 
farms, particularly that for calves. 
Famine and internal disorders were the most common causes of death 
in calves, but famine is a characteristic cause of death in beef cattle 
farming in Central America [13]. It was apparent that calves were the 
first victims of the compensatory growth production system practiced in 
the subregion [62]. 
The largest single category of causes of mortality among adults was 
classified as "unknown" (Table 4.1), as farmers were not able to deter­
mine those causes. Nevertheless, veterinarians were not commonly requested 
by farmers to assist them in solving problems with animal sanitation and 
health. Only four of the fifteen did request those services (Table C12a). 
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Table 4.1. Mortality causes in adult cattle and calves 
Cause Total Adult Cattle Calves 
(percent) 
IBR 40.40 0.00 40.40 
Famine 17.22 0.00 17.22 
Internal disorders 11.26 0.00 11.26 
Accidents 9.94 9.49 0.00 
Black Leg 3.97 3.97 0.00 
Septicemia 0.66 0.66 0.00 
Unknown 16.57 15.23 1.32 
Total 100.00 29.80 70.20 
Parasitary and disease control The maintenance of an animal 
health program cost these farmers a yearly average per head of 4.54 U.S. 
dollars, and such cost was equally divided between veterinary medicines 
and chemicals for the control of external parasites (Table C12b). This 
value was influenced by the expenses incurred by the most technically 
advanced farm visited in that program. 
Genetic composition of cattle stock 
The variety of breeds and their crossing was ample. It was possible 
to distinguish 10 of them (Table C13). Brahman and its crossings were 
dominant but the most common crossings were with Criollo and Indo-Brazil. 
Brown Swiss was used mostly for milk production in crossings with Guern­
sey and Kolstein. The subregion genetic composition of the beef cattle 
stock has been assessed as good by some international organizations [14]. 
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Some genetic characteristics as seen by farmers There were three 
reasons for Brahman and its crossing to be preferred by these farmers: 
(1) their ability to adapt and endure hardships of the dry season, (2) size 
and weight at marketing age and (3) precocity. The latter characteristic 
of Brahman and its crossings with Criollo (B x C or C x B) has been con­
firmed in genetic and physiological studies [16]. 
nevertheless, farmers were aware of the low reproductive capacity 
of these breeds and their crossings, but not all of them had taken actions 
to ameliorate this problem. This low reproductive capacity has been 
associated with nutritional deficiencies [7, 66] and late first and long 
. * 
calving seasons [7, 87], more than with cattle genetic characteristics 
per se. 
In the calf cropping farms visited, first calvings occurred at an 
average age of 33 months and ranged from 31.5 to 45 months (Table C14), 
and the calf/cow ratio ranged from 0.46 to 0.96. Apparently, this was 
a problem of cattle management more than a cattle breed problem. This 
is expanded below. 
Dual purpose production A farm in the group began to develop its 
own dual purpose production system in 1977, as opposed to developing a 
23 dual purpose cattle breed. The amount of technological inputs and record 
23 This is one of the farms used in Chapter V for policies and 
hypotheses testing. 
96 
keeping required for such a development, and for the maintenance of the 
system, seemed to be a constraint for its application to other farms. 
Such constraint is particularly due to the type of farming experience of 
other farmers and to the unavailability of accumulated knowledge for 
proper technical assistance. 
In view of the need to increase the supply of milk in the Central 
American countries, the Central American Economic Integration Bank-
Italconsult study [13] suggested the development of a dual purpose breed, 
comparable to the Jamaican Hope or the Australian Milking Zebu, for its 
use in the tropical lowlands of Central America. Such a breed is yet to 
be developed. Nevertheless, other farmers were experimenting with some 
crossings, which is a step in the right direction, but it was not clear. 
Cattle management 
Two additional aspects concerned with the stock of beef cattle not 
discussed before are: (1) cattle selection practices and (2) control in 
reproduction. 
With one exception, farmers followed an ad hoc criteria which were 
not always clear or systematic but suited their needs. In the exceptional 
farm, statistical and genetical methods were clearly laid down and 
systematically followed, backed up by modern computational facilities. 
The reproducing herd and its progeny were selected in accordance with 
the "best" characteristics, as required by the type of farming practiced. 
Cattle reproduction was effectively controlled in two of the fifteen 
farms either by programming matings or through artificial insemination. 
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and the reproduction ratios were the planned calf/cow ratios. Some 
farmers had established a semicontrolled reproduction system and obtained 
comparable calf/cow ratios, but those who practiced a free system showed 
the lowest calf/cow ratios (Table C14). As an exception, a farm recorded 
an almost perfect technical efficiency for the reproducing herd, 0.96, 
although it is almost impossible to be accomplished by a single cow 
[87] on account of biological restrictions. Special handling of calves 
was observed in five of the fifteen farms, but in two of these famine 
was a cause of calves' death. 
Labor 
The use of hired labor intensified as the size of the farm increased. 
Wages paid to hired hands represented 7.94 percent of all computed wages 
and salaries in small farms and 70.7 percent in the larger ones (Table 
C15). That is, most labor computed as cost in small farms was accrued 
to the farmer himself, 92.1 percent, which made small farmers very inde­
pendent of the labor market. The opposite was true for the other cate­
gories of farms. 
Nevertheless, farmers avoided permanent labor relationships with 
hired hands to keep laborers' fringe and other benefits to a minimum, as 
such were estimated to be in the neighborhood of 50 percent of the paid 
salaries. Laborers were hired mostly for specific chores under the "job" 
type contract. 
98 
Investments 
Fixed assets, except land which was not considered among them, were 
valued at replacement cost less accumulated depreciation. The average 
investment per farm size category showed contrasting figures (Table C16). 
Investment in buildings and other structures (which includes the farmers' 
dwellings) and fences and roads, decreased per hectare as the farm size 
increased, but investment in machinery and farm equipment increased per 
hectare as the farm size increased (Table C17). Nevertheless, overall 
investment in the farms decreased per unit of area as the farm size 
increased. 
In the small farms, capital was more intensively used in road and 
fences in view of their higher cattle load and rotation than in the lar­
ger farms, while in the latter ones other types of investments prevailed. 
Technical assistance 
Professional advice to complement farmers' oxvn ability to deal with 
beef cattle production problems was not generally sought. Only one 
farmer requested that assistance but it was offered to six other farmers. 
Extension Service's publications did not reach most farmers. Those 
were received by three farmers only, and many farmers interviewed did 
not know that such technical publications were available. There was a 
lack of communication about communications. 
The National Development Plan, however, is relying heavily on this 
Extension Service to foster beef cattle production. 
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Administrative capacity of farmers 
Decision making for producing and selling has been carried out along 
some established patterns which allowed farmers to bring forth various 
levels of production at diverse times. Farmers, then, have acquired 
and maintained certain amounts of information for sorting out production 
alternatives. However, with two exceptions, record keeping was in 
general lax. Many aspects concerning volume, quality and opportunity of 
information for decision making were posed to farmers with no positive 
results. 
These farmers' know-how was quite limited in both scope and extent 
of application. The exceptions were mentioned above. 
Credit 
In conformity with the comments of the above paragraph, but in few 
cases, farmers were not able to timely receive loans applied for, in 
view of the credit "program" submitted to the credit agencies of the 
National Banking System. However, such delay did not seem to have af­
fected their production programs. 
Credit applied for agricultural production was always used in that 
type of production and was repaid within the production cycle, while 
credit obtained for beef cattle production was, in many instances, partly 
or totally rechannelled for other uses unrelated to production (this 
observation is addressed further in Chapters V and VI). Six of the 
fourteen farmers who received credit did accordingly (Table C19). Re­
financing of loans was not unusual in beef cattle credit. 
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Differential interest rates charged for loans showed among the 
farmers interviewed, for both agricultural and cattle production, and 
among farmers by farm sizes in beef cattle financing (Table C20). These 
were new credit and interest rate policies adopted in 1979. 
The general description of the 15 farms aims only at bringing up 
what may be termed the general characteristics of beef cattle farming in 
the subregion to: (1) enlighten the interpretation of the contents of 
Chapter V which follows and (2) contribute to put in proper perspective 
the policies selected by the National Development Plan for beef cattle 
production. Those policies were presented in Chapter I. 
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CHAPTER V. APPLICATION OF MODEL TO SELECTED 
FARIiS OF CATTLE SUB REGION 
Chapter IV expanded on the frame of reference for beef cattle 
production in the selected area and the technologies and other farm and 
farmer characteristics which may have influenced production at the pro­
ducing unit level. 
This chapter takes the analysis a step further. It applies the 
linear programming model presented in Chapter III to five selected farms 
to test the effectiveness of policies in bringing forth additional beef 
cattle production. Hypotheses about those policies are likewise tested. 
The linear programming model was applied to the farm cases 
individually as this case method approach allows a closer look at details 
in analyzing farmers' reactions to changing price and constraint scenarios 
[64]. 
As stated in the previous chapter, five farm cases were selected 
subjectively to fit the needs of the analysis and the way the National 
Development Plan's policies are being implemented. For example, small 
farms are being given preference in interest and credit policies. Small 
farms, on the other hand, showed a larger diversification in production 
than other beef cattle farms [31], and apparently operated under a pro­
duction mix with a larger number of production possibilities than the 
latter ones. Therefore, a larger representation was given to small 
farms in the selection of farms to capture that variety and enlighten 
the research. The plan emphasized dual purpose production in beef 
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cattle farms. The only farm in the group of 15 farms visited which was 
a dual purpose producing unit was also selected. There was otherwise 
no preference in farm selection. 
Assumptions in Estimating the 
Input-Output Coefficients 
The economic information gathered refers to one year of farm 
operations. In most cases, a year's time was below the farms' production 
cycle for beef cattle. It was normal for the production of other com­
modities such as grains and cotton. 
This posed the problem of deciding between a multiperiod linear 
programming model for beef cattle [17] or adjusting production (input-
output) coefficients to refer production to a 12-months beef cattle 
operation. The decision was in favor of the latter and the programming 
model was developed accordingly (see Chapter III). 
The optimization procedure would yield a 12-month production of 
beef cattle which is a weighed average for beef cattle production given 
the production cycles of the various types of cattle (calves, heifers, 
steers), plus the annual production of other agricultural commodities. 
These production cycles varied in accordance with the stage of beef 
cattle production, the production techniques in use and marketing prac­
tices. These data were combined in estimating the input-output 
coefficients. 
Some examples may clarify the procedure followed in adjusting the 
input-output coefficients. A farmer buys an animal of average weight 
of 260 kilograms and fattens it over a period of 18 months (grazing 
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only). In accordance with Vigne's cattle equivalents [84], this animal 
may eat an adult ration a day. Thus, in 18 months such animal has con­
sumed 547.5 rations. This coefficient enters into the linear programming 
model as if such cattle had eaten that number of rations in a 12-month 
period. This implies an artificially faster finishing process for that 
cattle, but also a reduction in the number of cattle finished during the 
12-month period because the number of grass rations produced was kept 
at a 12-month level. 
In estimating expenditures by types of animals (cows, calves, 
steers) such as for chemicals to control external parasites, a two-
paint criterion was followed. The average weight per type of animal 
was used as a proxy for the total area sprayed with the chemical and 
then the cost was accumulated in accordance with the age at which it was 
marketed, that is, in accordance with its production cycle. A heifer 
sold at 24 months old (a two-year production cycle) was charged with a 
cost for chemicals for the first year at an average weight of 170 kilo­
grams plus a cost for the second year at an average weight of 250 kilo­
grams. Alternative, it was charged as if it weighed 420 kilograms at 
the time it was sold. The total live weight of the average cattle inven­
tory was used for this purpose. 
Interest payments were handled likewise and the interest rate was 
entered into the C row of the linear programming model. An interest rate 
of 16 percent a year was entered as 24 percent in the C row if the loan 
was contracted for a period of 18 months, but the amount of the loan was 
held constant (per head or per hectare). 
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The net farmer's income would be the difference between the total 
price received for the sale of cattle less the multiperiod cost incurred 
by the farmer in bringing forth those cattle. Total net farmer's income 
is equivalent to a 12-month weighed average income, given the production 
cycle of the various types of cattle. 
These three examples are representative of the procedures followed 
in estimating production coefficients and the values entered into the C 
row. When the activities required transfer rows the values in the C row 
were variable costs, except those within the structure of the linear pro­
gramming model which were separated for policy analysis. 
Prices Used in Estimating Costs and Incomes 
Prices of all variable cost concepts used for the estimation of 
input-output coefficients and the coefficients of the objective function 
were those reported by farmers for the production year prior to the inter­
view or were obtained from their accounting information. Once this 
information was processed, steps (a) and (b) of the testing procedures 
(page 65, Chapter III) were completed.Data for the farm case V were 
for the fiscal period 1978-79 plus the expansion program to be imple­
mented in a period of tTO to three years, while the remaining cases were 
for the 12-month period ending in April, 1980. 
24 While this report was being prepared, the Government of Costa Rica 
announced (on September 25, 1980, and published in the newspaper La Nacion 
on September 26, 1980) a new monetary policy which implies a ttfo-tier 
foreign exhcange rate, although it did not officially devalue the local 
currency. Due to the impredictability of that policy's impact on prices, 
no attempt was made to introduce changes in the optimization process 
which could be related to such monetary depreciation. 
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In order to isolate the effect of policies from the effect of prices 
on production decisions, cattle prices were kept constant during the 
simulation runs. In the course of the testing procedures referred to 
above, it was learned that the activity levels in all five cases offered 
ample latitude for changes in the cost of inputs and interest rates, but 
other reactions to policies had to wait until the process of simulation 
was completed. 
Prices of all inputs referred to in the plan's policies (or variable 
costs in the various programs) were first reduced 20 percent from the 
actually reported values, and subsequently increased 20 percent from 
such reported prices. At the time the price of inputs %fas increased, 
either the interest rate for small farmers was also increased to the level 
paid by large farmers, or the interest rate for purchasing feeder cattle 
and, subsequently, finishing then was increased 25 percent. These price 
and interest rate policies were evaluated in the context of three dif­
ferent constraint scenarios. One is qualified as the original program 
which contains the actually identified constraints whether physical or 
subjective. The second scenario introduces a credit and(or) a working 
capital constraint of 25 percent. In farm case V, this constraint was 
introduced only for calf cropping credit in order to analyze production 
adjustments with regard to milk production. The third constraint scenario 
consists of the elimination and(or) reduction to a minimum possible of 
all nonphysical constraints. 
The various price and constraint scenarios for policy and hypotheses 
testing have been selected in an ad hoc manner as outlined above, in view 
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of the fact that the National Development Plan did not disclose the 
criteria which were to be followed in designing and implementing those 
policies. 
Profile of the Farms Selected 
All farms selected produced other agricultural commodities 
commercially, except one, and all but one produced some dairy product 
commercially (Table 5.1). 
Table 5.1. Some characteristics of farms and farmers^ 
Case Size Production Engaged in Owner- Owner or Administrator 
Category Cattle Grains Dairy 
& Others 
shipb Age Educ. 
(years) 
Exper. 
1(1)" Small X X X I 59 2 30 
11(2) Small X X X I 50 2 15 
111(6) Med ium X X I 45 15^ 10 
IV(13) Large X ][ I 55 2 15 
V(15) Large X X X C 26® 17 4 
^Selected from 15 reported in Chapter IV. 
Ownership code; I = individually oxmed, C = corporation. 
"^Number assigned to the farm in Chapter IV. 
^College degree in a nonagricultural related field. 
^Manager, with a graduate degree. 
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Case I 
This small farm was located in the northern section of the Nicoya 
Peninsula. It was operated by two elderly brothers but individually 
OTfned. The owner's farming interest was calf cropping, cheese processing 
and rice. 
This farmer had decided for a given cattle herd size which was kept 
constant throughout the years. In order for this program to be complied 
with,additional land was leased from neighboring farmers during the dry 
season. Cattle load and rotation among lots were very high, which may 
account for the production of more than 800 adult cattle rations of grass 
per hectare. Fertilizers were not applied to the grasslands. 
There were no signs of this farmer's likes for a particular beef 
cattle breed, but he owned half dairy breed crossed bulls to maintain a 
higher than average (for the region) production of milk per cow. The 
objective was the production of cheese. Then, calves were not fed with 
cows' milk to the cows' milk production capacity, but forced to feed on 
grasses long before they were weaned. Calves were not given supplemental 
feeding [47]. 
The farm was totally mechanizable, with slopes less than 20 percent 
and soils type A-7 in accordance with Vasques [80] soil classification. 
Nevertheless, this farmer expressed reluctance to increase the amount of 
land actually allocated into rice production, although it could be accom­
plished with ease. Instead, he decided to allocate land to rice produc­
tion to a maximum level. 
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Production of rice was semi-mechanized as land preparation, planting 
and harvesting were done mechanically by a specialized concern. Weed and 
pest controls were done manually. 
Labor requirements of this farm's production program were supplied 
by the two brothers for most of the year, but labor hiring activities 
were defined for four months. "Family" labor represented a constraint 
for three of these months where labor was hired. 
This farmer qualified for and obtained small farmer credit. It was 
translated into a 9 percent interest rate, including commissions and 
other costs. 
Cattle mortality rate on this farm was zero, notwithstanding the 
fact that the cattle health program was maintained to a minimum across 
the board. Complementary and supplementary feeding was kept, likewise, 
to a very low level. 
Rice and cattle were sold to truckers (intermediaries) at the farm's 
gate, while production of cheese was sold in its entirety in a nearby 
town. Rice and cheese were considered by the farmer as productions for 
cash flow purposes. 
The farmer estimated the average weight for cattle sold as follows: 
450 kilograms for cull cows, 275 for heifers and 200 for calves. The 
prices received were, respectively (in U.S. dollars), 0.752, 0.791 and 
0.871 per kilogram. Cheese was sold at $1.40 per kilogram during the 
summer months and $0.76 per kilogram during the rainy season months. 
Rice was sold at $19.49 per bag of 73.6 kilgrams (shell). 
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Given the constraints, this farm's production program was close to 
optimization. A reduction in the stock of cattle added income to the 
operation of the farm during the 1979-80 period (Table Dl). 
Case II 
The farm was located near the Experimental Station of the Ministry 
of Agriculture and Livestock in the subregion and was the second smallest 
farm visited. Farming interest centered around calf cropping, butter 
processing and rice and sorghum production. 
This farmer decided for a given allocation of land to cattle 
production with dairy specialized breeds, none of which were pure stock. 
This was the only farm where grasslands were fertilized and lime added 
to the soil. Such practice,together with a very high cattle rotation, 
allowed for a high cattle load and an annual production of grass cattle 
adult rations well over 1,500 per hectare per year. The purpose of this 
activity was the production of milk for processing butter and calves 
sold for beef. 
This farm has type B-3 soils with a slope less than 10 percent and 
mechanizable. The largest part of the farm was devoted to rice and sor­
ghum production. Those activities were semi-mechanized as land prepara­
tion, planting and harvesting were done with agricultural machinery by 
a specialized concern. Weed and pest controls were done manually. 
Investment in fixed assets consisted of fences and a small structure 
to fence in calves and some hand-operated equipment. 
Grains and cattle were sold at the farm's gate to truckers, while 
butter was sold in the nearby city to local grocery stores. 
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Cull cows were sold at an average weight of 331 kilograms and 
produced $280.00 each one for an average price of 0.846 (U.S. dollars) 
per kilogram, heifers were sold for $221.70 at an average price of 0.876 
(U.S. dollars) and calves for $160.20, an average price of 0.876 (U.S. 
dollars) per kilogram. The production cycle for calves was over one 
year and the average weight was 185 kilograms each. 
Rice was sold for $18.67 a bag of 73.6 kilograms (shell) and sorghum 
for $9.33 a bag of 46 kilograms. Butter was sold for $1.52 per kilogram. 
The amount of family labor available for production far exceeded the 
requirements of the farm's production program. Given the constraints 
of the program, this farm's production was very close to the optimum 
production mix (Table D2). 
Case III 
This was a medium size farm classified in the category of farms 
ranging in size from 20 to less than 200 hectares. It was supervised by 
the owner's son and a hired hand. This farm's production program included 
calf cropping, rice and cotton. Initially, this was a beef cattle farm 
which had diversified following an ad hoc land classification— The high 
sloped lands for cattle production and the less sloped and mechanizable 
lands for annual crops. 
An attempt was made at introducing dairy breeds to the farm but it 
was unsuccessful. Since then no preference for cattle breeds was mani­
fested as long as the breeds were for beef production. 
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Cattle rotation among lots was practiced but the rotation was very 
low. During the summer months that rotation practice was abandoned and 
the continuous grazing system was instituted. During those months cattle 
fed on rice straw also as they were allowed to roam throughout the entire 
farm. The number of grass adult cattle rations produced in this farm 
was around 450 per hectare per year, including an imputed number of ra­
tions from rice straw. 
This farm owner had established an annual practice of burning one 
of the lots used for cattle rotation and allowing another to reach matur­
ity for a natural reseeding process as an alternative to fertilizing 
the grasslands. It was alleged that such practice was more economical 
and equally efficient to fertilization. 
Rice and cotton were totally mechanized crops, except for cotton 
picking. Land preparation, planting, cultivation, and harvesting for 
rice was done mechanically and fertilization and the spreading of in­
secticides and fungicides on rice and cotton was done aerially. All 
these operations were performed under contract by a specialized firm. 
The section of the subregion where this farm was located did not present 
any problems to hiring farm workers at any time during the year. 
This farmer qualified as a small farmer for obtaining credit at 
the differential interest rate of 9 percent per year for both agriculture 
and cattle activities. 
Rice and cotton were sold to organized concerns for $18.67 per sack 
of 73.6 kilograms of shell rice and $72.70 for 46 kilograms of ginned 
cotton. Cattle was sold at the farm's gate for $297.55 each cull cow of 
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an average weight of 340 kilograms, and for $186.70 for each calf of an 
average weight of 200 kilograms. In consultation with the farmer it was 
possible to develop a program which included other cattle production alter­
natives. It was found in optimizing the programs that this farmer's 
actual program was far from representing an optimal production mix. The 
new program included the production of steers of an average weight of 
425 kilograms yielding $384.55 and heifers of an average weight of 250 
kilograms yielding $218.78. These latter type of cattle were produced 
in the farm before cotton and rice were introduced into the production 
program. The farmer assumed that the new productions would always be 
better production alternatives to steers and heifer productions. The 
optimization of the programs proved the farmer right (Table D3). 
The investment in fixed assets was represented by fences, a corral, 
a road within the confines of the farm, and few tools and hand-operated 
equipment. A large portion of the farm had slopes less than 10 percent 
and mechanizable, but the remaining segment was located on hilly type 
slopes (over 25 percent). Part of this segment was kept as a forest 
reservation. This farm was located close to the border line of the cat­
tle subregion in the Nicoya Peninsula on soils classified as A-7 (see 
Figure 4.1). 
Case IV 
This farm was located on the slopes of the Guanacaste mountain 
range where soils type D-1 were most common. Rocks of volcanic origin 
protrude throughout the various land tracts owned by this farmer 
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reducing the amount of usable land for beef cattle production. This was 
reflected in the number of grass adult cattle rations which were produced 
per hectare per year—slightly over 400. 
The production program for this farm was represented by one activity, 
prior to 1977, which was buying feeder cattle and selling slaughter 
steers. Since then,the production program has been expanded to include 
calf cropping as a mean for producing slaughter steers in view of the 
scarcity of feeder cattle for finishing. The production techniqe used 
in fattening feeder cattle showed in the new activities in various ways. 
Attention to calves was quite sluggish both in individual handling and 
health care, as a result of which the survival ratio for calves was less 
than 79 percent. The farm lacked the facilities for fencing in calves 
or adequate corrals for both cows and calves. 
This farmer followed the generalized practice of burning grassland 
lots or farm subdivisions on a rotating basis as a substitution for fer­
tilization of grasslands. On the other hand, cattle rotation was very 
low as farm subdivisions were loaded every 60 days. By then, the nutri­
tional value of grasses is at its lowest point [4]. This contributes 
to a low cattle load. 
From the viewpoint of the national banking system this farmer 
qualified as a large-scale operator and was charged with a 16 percent 
interest rate on loans. The new calf cropping activity was self-financed 
from inception. 
During the year prior to the interview,this farmer liquidated part 
of his cattle inventory which produced additional income but which did 
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not represent proceeds for additional production. This was partly the 
result of the shift over to the new activity included in his production 
program—calf cropping. 
This farm was operated by the owner, two of his sons and two hired 
hands. Many of the operations:in the farm were performed under the job 
type contract with laborers, as with this contract modality the cost of 
fringe benefits accrued to workers were avoided. 
Slaughter steers were sold directly to a cattle cooperative which 
OTms a slaughterhouse. The average weight of these steers was 415 kilo­
grams and yielded $385.06 each, delivered at the slaugherhouse. Calves, 
cull cows and heifers were sold at the farm's gate. Calves yielded 
$158.69 each, heifers $253.79 each and cull cows $317.24. Milk was sold 
in nearby communities for $0,292 per kilogram. 
The production program of this farm was not optimal (Table D4). 
Case V 
This farm belonged to the size category larger than 200 hectares 
and was the largest farm visited. Two types of soils were found in this 
farm, B-3 and C-2, which has determined the mode of operation and the 
production program of the farm. It was the only farm with irrigation 
(by gravity). This resource has allowed for an even production of grasses 
and other forages throughout the year. During 1978-79, the farm expanded 
30 percent of the land allocated to grasses as part of a plan to incre­
ment milk production. That decision was the result of an evaluation of 
various experiments conducted on the farm, including genetic improvement 
of the cattle herd. 
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Cattle rotation took place every two to three weeks, but lots were 
loaded between 30 and 44 days (Table C8). This implied that some grasses 
might have been too mature by the time cattle fed on it and, consequently, 
of a lower nutritional value [4]. However, the farm was able to produce 
over 580 grass cattle adult rations per hectare per year. In addition 
to grass production, the farm produced other forages such as sugar cane 
and was producing sorghum on a rotation basis with grass production (SSG) 
which extended for nine years. Such forages were fed to milking cows 
and calves. 
Instead of a dual purpose cattle breed, this farm adopted a dual 
purpose cattle system which consisted of crossing three breeds, one of 
which would be dominant up to a point. From this point and on a new 
breed or a formerly used breed began its dominancy on the progeny. One 
of the breeds was always specialized in milk production or itself a dual 
purpose breed. Cattle selection had been made using techniques which 
relied heavily on statistical methods. Such analyses had also determined 
that the trade-off between beef and milk production was 1:2.12, measured 
by weight. 
Reproduction was totally controlled and programmed as artificial 
insemination was practiced. The weaning age and the extent of the milk­
ing period were also both programmed. 
The flow and analyses of information required for the maintenance 
of such a system had been made possible due to modern computational facil­
ities. 
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In view of the expansion plan in this farm and the technological 
changes which had been taking place since 1977, the analysis of the pro­
duction program refers to what might have happened during 1979-80 and 
to what could happen when the plan is fully complied with—that is, by 
1981-82 or 1982-83. The breeding herd would then be 28.3 percent higher 
than that of the 1978-79 period. However, for the test run some tech­
nological changes were introduced with regard to the information of 
1978-79, particularly in the area of milk production per cow. 
From the comments offered in the paragraphs above it becomes 
apparent that this farm was undergoing a technological change and, con­
sequently, could not have reached an optimal production plan (Table D5). 
Slaughter steers were sold to a slaughterhouse located in the 
subregion at an average price of $352.06. The average weight of these 
steers was 473 kilograms. Cull cows weighed 435.4 kilograms and yielded 
$304.80 each. Some calves were developed for reproduction in other 
farms and sold at a price substantially higher than their beef counter­
parts. Each one of those bulls yielded $514.32 each. Other calves were 
estimated at a cost for the buyer of $157.52 each. Milk was sold to a 
milk producers' cooperative for $0,471 per kilogram. 
This farm planned to provide 26 permanent positions to farm workers 
upon completion of the expansion program. In accordance with the optimi­
zation of the program for this farm, that aspect of the plan would require 
some revisions. 
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Testing of Policies 
The cost of the purchase of inputs such as chemicals and fertilizers 
used in beef cattle farms and the cost and the level of loans acquiired 
for beef cattle production were the policy instruments selected by the 
plan to influence beef cattle production. In order to study farmers' 
reactions to such policies, these policy instruments were represented as 
procurement activities in the linear programming model (see Chapter III). 
It was possible to assess how changes in the procurement costs of those 
activities influenced the value of the program, the activity level of 
the transformation activities and the level of the procurement activities. 
These procurement activities were each combined with a transfer row 
to distribute both the amount of procurred inputs and credit and the 
corresponding procurement costs among the transformation activities. 
The use of transfer rows was necessary also in beef cattle production 
to transfer cattle to either the various subsequent cattle production 
stages or to a selling activity. These are recognized by the minus sign 
before the transfer coefficient, which as a general rule are (minus) 
unity coefficients (seed Table 5.2). 
In testing policies, the range analyses for the marginal value 
product or shadow price for inputs and the cost of credit are paramount. 
Those ranges give an indication of the unit procurement cost variations 
which are allowed by the program without changing the level of the pro­
curement activity, ceteris paribus. That is, how much the price of the 
inputs or the cost (interest rate) of credit could change without chang­
ing the activity level for beef cattle and their own activity level. 
Table 5.2. Sample of the matrix of one of the farm cases 
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In the range analyses the marginal value product or shadow price 
of inputs and credit showed in the section Rows at Limit Level [17] as 
composed of two values— one value in the input or resource row, the 
other in the row limiting the procurement activity. The shadow price 
for inputs or credit was the addition of the shadow price for the row 
limiting the procurement activity and the market cost of inputs or credit. 
The activity range for such shadow prices was a combination of the ranges 
of both those rows. These shadow prices showed also in the section 
Columns at the Intermediate Level [17] as the highest unit cost allowed 
within the range for the corresponding procurement activity. In both 
these sections, such shadow prices are also defined as the income penalty 
incurred for reducing the use of the input or resource, from the activity 
level resolved by the optimization of the program, and the lowest end of 
the range for that activity [17]. 
Therefore, for the purpose of assessing policies the value of the 
program, and the ranges for the shadow prices and the procurement activi­
ties, will suffice. The latter are found in the section of Columns at 
Intermediate Level [17] of the sensitivity analysis. 
Figure 5.1 further clarifies the procedures followed in testing 
policies (ceteris paribus) and the interpretations given to the results 
of the simulations of policies with the aid of the linear programming 
model. The NVP are curves similar to those used in standard presentations 
of production response to successive applications of a factor of produc­
tion [40], but differ in the sense that they depict the net value of the 
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production program, when the cost of the factor of production is 
successively changed. The ÎIVP (shadow price) is the standard marginal 
value productivity of the factor which is being used (or applied to pro­
duction) and the FC curves are the various costs for the factor. Optimum 
production is reached when the marginal value productivity of the factor 
(marginal physical productivity x output unit price) is equal to the mar­
ginal cost of the factor (MFC = ÎIVP). 
NVP 
MVP 
FC 
FC 
FC MVP 
Figure 5.1. Net value of production response to factor quantity and 
cost variation 
This figure depicts four possible outcomes; (1) at the original 
factor cost (FC) a (b) net value for the production program, a (Q) quan­
tity procured of the factor, as FOMVP at (a); (2) at a reduced factor 
cost (FC'), a (b') net value for the production program, a (Q') quantity 
procurred of the factor, as FC'=MVP at (a*); (3) at an increased factor 
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cost (FC"), a (b") net value for the production program, a (Q") quantity 
procured of the factor, as FC"=MVP at (a"); and (4) a net value for the 
production program ranging from (b" to b"') and factor costs varying from 
(FC" to FC'), if the factor is either artificially or indirectly restric­
ted to the Q" level. 
The IN? curve is equated to the demand curve for the factor 
considered in the experiment [40]. In a linear programming case that 
demand curve usually develops differently, it may follow the path 
(a", c, a, c" , a'). That allows for the interpretation that given Q, 
all factor costs between FC' and FC are possible, or that given FC, the 
factor's activity level ranges from (> Q" to =Q). 
Input price policies 
This policy is defined in the plan [52] as comprising price and 
quality control of inputs with reference to chemicals and fertilizers, 
veterinary medicines and complementary and supplementary feeds — The lat­
ter as defined in Chapter IV. The quality control aspect of the policy 
was disregarded because no comparisons among inputs, which could be used 
for the same purpose or various levels of applications of the same input, 
were deemed important for this analysis. Nevertheless, reduction in the 
quality of inputs without reduction in their respective prices could be 
treated as price increments if the appropriate information is available. 
Reductions and increments of input prices were simulated in the 
context of three constraint scenarios, with 15 optimizations within each 
scenario (3 scenarios x 5 farms), for a total of 45 optimizations 
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(Table 5.3). As the prices for outputs remained unaltered, the value 
of the program in the 15 optimizations with input price reductions in­
creased with respect to the value of the original program (Table 5.2) 
and the value of the program in the 15 optimizations with input price 
increments decreased with respect to the value of the original program. 
The quantity demanded of those inputs varied, however, only in 
three (10 percent) of the thirty programs with price variations (Table 
5.4). Two of those quantity variations were recorded for scenario I, 
the original program, and one for scenario III, reduction of other restric­
tions or constraints. Also, of those changes, two were recorded for 
farm case IV and one for farm case V. Both of these farms are in the 
size category of 200 or more hectares. 
The activity level for inputs did not change in 80 percent of the 
cases with price changes within scenario I, 100 percent of the cases 
within scenario II, or in 90 percent of the cases within scenario III. 
Thus, the activity level did not change in 90 percent of the cases con­
sidering the three constraint scenarios. 
In concordance with the aforementioned results, production of beef 
cattle recorded differences in the same constraint scenarios and in the 
same farms (Table 5.5). In farm case IV, beef cattle production was in­
creased 0.5 metric ton (from 43.9 to 44.4 metric tons) when prices of 
inputs were all reduced 20 percent in constraint scenario I, while under 
the same set of circumstances that production was increased 0.4 metric 
ton (from 47.3 to 47.7 metric tons) in constraint scenario III. At the 
same time, production of milk (Table 5.5) was reduced first 621 kilograms 
Table 5.3. Sensitivity of the production programs to policies, of farms 
selected 
Case and Details Orljjlnal Program (1) 
Prices of Inputs 
Original Reduced 20% Increased 20% 
Case I 
Net farm income (U.S. $) 8,125.20 2,308.00 7,912.90 
Land use (%) 92.08 92.08 92.08 
Cattle 74.31 74.31 74.31 
Grains 17.77 17.77 17.77 
Sales (physical units) 
Steers 
Cows 3.75 3.75 3.75 
Heifers 6.25 6.25 6.25 
Calves 10.00 10.00 10.00 
Fluid milk equivalent (kg) 12,240.00 .12,240.00 12,240.00 
Grains (M.T.) 16.47 16.47 16.47 
Case II 
Net farm income (U.S. $) 6,175.40 6,276.60 6,074.10 
Land use (%) 92.80 92.80 92.80 
Cattle 21.36 21.36 21.36 
Grains 71.44 71.44 71.44 
Sales (physical units) 
Steers 
Cows 1.13 1.13 1.13 
Heifers 
Calves 2.26 2.26 2.26  
Fluid milk equivalent (kg) 1,299.00 1,299.00 1,299.00 
Grains (M.T.) 30.80 30.80 30.80 
^Elimination if it is possible, except in Case V. 
Includes increments in interest payments: 
i) up to 11% in small farms in calf cropping and 
ii) 20% in credit for finishing cattle. 
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25% Reduction in Credit for Calf Reduction in Other Constraints^ 
Cropping (H) (Subjective) (III) 
Prices of Inputs Prices of Inputs 
Original Reduced 20% Increased 20% Original Reduced 20% Increased 20% 
7,297.00 7,442.10 7,127.90 9,884.00 10,121.00 9,609.20 
93.24 
31.06 
12.18 
93.24 
81.06 
12.18 
93.24 
81.06 
12.18 
100.00 
74.61 
25.39 
100.00 
74.61 
25.39 
100.00 
74.61 
25.39 
3.75 
6.25 
10.00 
12,240.00 
11.32 
3.75 
6.25 
10.00 
12,240.00 
11.32 
3.75 
6.25 
10.00 
12,240.00 
11.32 
4.29  
1 8 . 6 0  
14,018.00 
23.58 
4.29 
1 8 . 6 0  
14,018.00 
23.58 
4.29 
18.60 
14,018.00 
23.58 
5,743.20 5,833.80 5,647.60 7,192.60 7,296.10 7,089.24 
37.IS 
21.36 
65.82 
87.18 
21.36 
65.82 
87.18 
21.36 
65.82 
100.00 
10.17 
89.83  
100.00 
10.17 
89.83 
100.00 
10.17 
89.83  
1.13 1.13 1.13 0.54 0.54 0.54 
2 . 2 6  
1,299.00 
27.56 
2 . 2 6  
1,299.00 
27.56 
2 . 2 6  
1,299.00 
27.56 
1 .00  
613.00 
37.62 
1 .00  
613.00 
37.72 
1.00  
613.00 
37.72  
Table 5.3. (continued) 
Original Program 
Case and Details 
Prices of Inputs 
Original Reduced 20% Increased 20% 
Case III 
Net farm income (U.S. $) 14,277.00 15,126.00 13,427.90 
Land use (%) 100.00 100.00 100.OC 
Cattle 62.34 62.84 62.64 
Grains 19.99 19.99 19.99 
Cotton 17.17 17.17 17.17 
Sales (physical units) 
Steers 8.05 8.05 8.05 
Cows 2.44 2.44 2.44 
Heifers 5.61 5.61 5.61 
Calves 
Grains (M.T.) 58.87 58.85 58.87 
Cotton (M.T.) 8.50 8.50 8.50 
Case IV 
Net farm income (U.S. $) 32,392.00 32,849.20 31,120,00 
Land use (%) 100.00 100.00 100.00 
Cattle 100.00 100.00 100.00 
Sales (physical units) 
Steers 151.52 164.35 151.52 
Cows 10.00 8.79 10.00 
Heifers 18.57 16.42 18.57 
Calves 
Fluid milk equivalent (kg) 5,140.00 4,519.00 5,140.00 
Case V 
Net farm income (U.S. $) 201,936.00 204,630.00 198,873.00 
Land use (%) 100.00 100.00 100.00 
Cattle 98.84 98.84 98.84 
Grains 
Other 1.16 1.16 1.16 
Sales (physical units) 
Steers 139.00 139.00 199.00 
Cows 140.00 140.00 132.00 
Heifers 140.00 140.00 132.00 
Calves and bulls 141.00 141.00 65.00 
Fluid milk equivalent (kg)377,386.00 377,386.00 355,236.00 
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25% Reduction in Credit for Calf Reduction in Other Constraints 
Cropping fii) (Subjective) fill) 
Prices of Inputs Prices of Inputs 
Original Reduced 20% Increased 20% Original Reduced 20% Increased 20% 
12,381.00 13,116.50 11,647.20 
100.00 100.00 100.00 
69.96 69.96 69.96 
19.99 19.99 19.99 
10.05 10.05 10.05 
9.02 9.02 9.02 
2.70 2.70 2.70 
6.29 6.29 6.29 
53.87 53.87 58.87 
4.93 4.98 4.98 
4,706.50 4,772.30 4,640.70 
100.00 100.00 100.00 
100.00 1UÙ. Û V  100.00 
12.42 12.42 12.42 
3.76 3.76 3.76 
8.65 8.65 8.65 
29,307.00 29,712.00 
90.46 
90.46 
90.46 
90.46 
28,238.00 
90.46 
90.46 
32,381.00 32,855.00 30,288.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
126.93 
10.00 
18.57 
126.93 
10.00 
18.57 
126.93 
10.00 
13.57 
247.10 
1.00 
1.36  
257.71 247.10 
1.00 
1.87 
5,140.00  5,140.00 5,140.00 514.00 514.00 
199,930.00 
100.00 
98.84  
1.16 
210.00 
138.00 
56.00 
65.00 
370,694.00 
,825.00 
100.00 
98.84 
1.16 
210.00 
138.00 
56.00 
65.00 
,694.00 
197,084.00 
100.00 
98.84 
1.16 
210.00 
138.00 
56.00 
65.00 
370,694.00 
180,077.00 
100.00 
98.84 
1.16 
295.00 
109.00 
109.00 
65.00 
293,283.00 
182,744.00 
100.00 
98.84 
1.16 
295.00 
109.00 
109.00 
65.00 
293,283.00 
176,434.00 
100.00 
98.84 
1.16 
295.00 
109.00 
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Table 5.4. Activity levels for credit, working capital and inputs under 
various types of constraints and costs of inputs and interest 
payments in farms selected 
Case and Type of Costs Type of Constraint 
Original 
Cost of 
Inputs 
Original Program I 
20 percent 
Input Cost 
Reduction 
20 percent 
Input Cost 
Increment 
Case I 
1-credit for calf cropping 1,456 1,456 1,456 
2-chemicals and fertilizers 680 680 680 
3-feeds 154 154 154 
4-veterinary medicines 81 81 81 
Case II 
1-capital 2,478 2,478 2,478 
2-chemicals and fertilizers 443 443 443 
3-feeds 63 63 63 
Case III 
1-credit for all needs 15,009 15,009 15,009 
2-capital 4,000 4,000 4,000 
3-chemicals and fertilizers 4,032 4,032 4,032 
4-feeds 159 159 159 
5-veterinary medicines 54 54 54 
Case IV 
1-credit for finishing cattle 13,592 15,391 13,592 
2-capital 8,400 8,400 8,400 
3-chemicals and fertilizers 831 834 831 
4-feeds 1,047 1,056 1,047 
5-veterinary medicines 404 402 404 
Case V 
1-credit for calf cropping 7,500 7,500 7,143 
2-credit for finishing cattle 
3-chemicals and fertilizers 5,276 5,276 5,288 
4-feeds 6,588 6,588 6,182 
5-veterinary medicines 3,421 3,421 3,436 
^SOURCE: [Tables D6 through D16]. 
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Type of Constraint 
25 Percent Credit Restriction il Reduction of Other Restrictions III 
Original 20 Percent 20 Percent Original 20 Percent 20 Percent 
Input Input Cost Input Cost Input Input Cost Input Cost 
Cost Reduction Increment Cost Reduction Increment 
1,200 1,200 1,200 1,900 1,900 1,900 
490 490 490 944 944 944 
154 154 154 157 157 157 
81 81 81 84 84 84 
2,300 2,300 2,300 2,931 2,931 2,931 
415 415 415 487 487 487 
63 63 63 30 30 30 
12,618 12,618 12,618 1,274 1,275 1,275 
3,200 3,200 3,200 1,065 1,065 1,065 
3,434 3,434 3,434 
178 178 178 245 245 245 
61 61 61 83 83 83 
10,873 10,873 10,873 26,998 28,488 26,998 
5,832 5,832 5,832 10,000 10,000 10,000 
750 750 750 854 854 854 
939 939 939 1,118 1,126 1,118 
366 366 366 393 392 393 
5,625 5,625 5,625 6,143 6,143 6,143 
—— 22,264 22,264 22,264 
5,114 5,114 5,114 5,272 5,272 5,272 
6,061 6,061 6,061 5,048 5,048 5,048 
3,177 3,177 3,177 3,405 3,405 3,405 
Table 5.5. Cattle production under various types of constraints and costs of inputs and 
interest rates in farms selected 
Type of Constraint Farm Case 
and Costs I II III IV V 
(M.T. , live weight equivalents) 
I. Original Program 
(a) original input costs 5.4 .8 5.7 43.9 195.8 
(b) 20% input cost reduction 5.4 .8 5.7 44.4 195.8 
(c) 20% input cost increment 5.4 .8 5.7 43.9 202.9 
II. Credit Restriction (25%) 
(a) original input cost 5.4 .8 6.3 39.4 190.7 
(b) 20% input cost reduction^ 5.4 .8 6.3 39.4 190.7 
(c) 20% input cost increment 5.4 .8 6.3 39.4 190.7 
III. Reduction or Elimination 
of Other Constraints 
(a) original input cost 5.7 .4 8.7 47.3 202.9 
(b) 20% input cost reduction 5.7 .4 8.7 47.7 202.9 
(c) 20% input cost increment 5.7 .4 8.7 47.3 202.9 
^SOURCE: [Tables 5.3 and Dll] 
• 
^Interest rates for small farmers increased to the level of the Interest paid by large 
farmers for calf cropping. 
^Interest rates for cattle finishing increased 25 percent. 
Table 5.6. Production of fluid milk equivalent (in kgs) which may be forthcoming in accordance 
with input and credit costs in three constraint scenarios 
Cost and Constraint Farm Case Total 
Scenarios I II III IV V Output (kg) 
I. Original Program 
1 - original input cost 12,240 1,299 0 5,140 377,386 396,065 
2 - 20% input cost reduction 12,240 1,299 0 4,519 377,386 395,444 
3 - 20% input cost increment 12,240 1,299 0 5,140 355,236 373,915 
II. 25% Reduction of Credit 
1 - original input cost 12,240 1,299 0 5,140 370,694 389,373 
2 - 20% input cost reduction^ 12,240 1,299 0 5,140 370,694 389,373 
2 - 20% input cost increment 12,240 1,299 0 5,140 370,694 389,373 
[I. Reduction of Other Constraints 
1 - original input cost 14,018 613 0 514 293,283 308,428 
2 - 20% input cost reduction 14,018 613 0 0 293,283 307,914 
3 - 20% input cost increment^ 14,018 613 0 514 293,283 308,428 
^SOURCE: [Table 5.3]. 
Interest rates for small farmers increased to the level of the interest paid by large 
farmers for calf cropping. 
^Interest rates for cattle finishing increased 25 percent. 
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(from 5,140 to 4,519 kilograms) and then 514 kilograms (from 514 to 0). 
The trade-off between beef production and milk production was 1:1.24 and 
1:1.28 for scenarios I and II, respectively, both in kilograms. 
For farm case V, beef cattle production was increased when prices of 
all inputs increased 20 percent within constraint scenario I, the original 
program. Such increment in beef cattle production, 7.1 metric tons 
(from 195.8 to 202.9 metric tons) was accomplished by reducing milk pro­
duction in 22,150 kilograms. In this case, the trade-off was 1:3.12 
between beef and milk productions, measured in kilograms. The difference 
in the trade-off ratios in farm cases IV and V, 2.5 times, indicates that 
farm case V was more milk production oriented than farm case IV. In 
fact, farm case V was deemed a dual purpose producing unit. 
Resource allocation efficiency may explain the results obtained and 
presented in the preceding paragraphs [37, 43, 45]. It was found that 
in 97 percent of the programs with price variations the marginal value 
product (shadow price) of inputs was severalfold larger than the unit 
cost for the respective unit. Consequently, prices of inputs in those 
cases could conceivably increase several times before their activity 
level were changed. That is, the price range for those inputs was ample 
enough and price variations within that range would not induce farmers 
to reduce the quantity purchased of those inputs, ceteris paribus 
(Tables D6 through Dll). 
In farm case V, resource allocation into complementary feeds was 
almost optimal ($1.05 shadow price versus $1.00 unit cost) so when the 
unit price of this category of inputs was incremented to $1.20, the 
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relative costs of producing milk and beef cattle changed in favor of 
the latter. Complementary feeds were heavily used in milk production. 
The effect of cost increments for feeds was indirect on cattle production 
via beef cattle substitution for milk [21]. 
The optimization of the program for farm case V in constraints 
scenario I also produced other interesting results. Slaughter steers 
were substituted for calves in beef cattle production, integrating the 
three stages of cattle production, and heifer calves, SI in total, could 
conceivably be disposed of at birth. The optimization process resolved 
that these 81 heifer calves represented a slack activity. 
With the exception noted for farm case V, the marginal value 
productivity of the other categories of inputs, chemical and fertilizers 
and veterinary medicines offered opportunities for this farm to increase 
the value of the program if other production techniques which use these 
inputs more efficiency were searched for and applied (Figure 5.2 and 
Table DIO). 
Reactions in farm case IV to reduction in the price of inputs under 
constraint scenarios I and III were explained by movements toward greater 
efficiency in complementary feeds and chemical and fertilizers, given 
this farm's techniques in beef cattle production (Figure 5.3 and Table 
D9). In both constraint scenarios,the marginal value productivity of 
chemicals and fertilizers was brought closer to the unit cost of this 
category of inputs; likewise, with the marginal value productivity of 
complementary feeds. However, it is to be noted that the activity levels 
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of those inputs were similar under both constraint scenarios to the 
original program (Table 5.4). 
Inputs allocation efficiency in this farm was relatively optimal 
for complementary feeds and chemicals and fertilizers when it was devoted 
to finishing cattle, given a lower than the foregoing cost for those 
inputs. It was relatively more efficient when it was oriented toward 
calf cropping. If the cost of veterinary medicines increased, calf crop­
ping substituted for purchases of feeder cattle. However, the overall 
productivity of the farm remained unchanged under both constraint scenar­
ios (given the price scenarios). Save for the additional income from 
milk sales this farm would be relatively more efficient in the third stage 
of beef cattle production—cattle finishing. 
The observations of this section can be summarized as follows: (1) 
the two small farms and the medium size farm were inefficient in the allo­
cation of resources into beef cattle production, and given the constraint 
scenarios, the quantity demanded for inputs showed an absolute price in­
elasticity. As a consequence, beef cattle production within each con­
straint scenario did not change. Thus, beef cattle production became 
inelastic to changes in input prices; (2) the large size farms (200 or 
more hectares) showed the quantity of inputs demanded to be more sensi­
tive to price changes than the other farm size categories. However, 
such reactions were shown in 25 percent (3 cases) of the 12 program op­
timizations with input price variations; (3) large size farms were also 
inefficient in the allocation of resources into inputs for beef cattle 
production within the range of the simulated input price changes and. 
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as a consequence, in 75 percent of the possible situations beef cattle 
production became insensitive to the change in input prices, also; (4) 
in assessing beef cattle production response to changes in the prices of 
inputs it was necessary to test for the existence of joint production 
systems [85] to avoid wrong conclusions about that response. In farm 
case V, beef cattle production increased when prices of inputs increased, 
but such reaction came into being because of cattle substition for milk 
production and not because those prices affected beef cattle production 
directly; (5) large size farms have the potential to be close to optimal 
allocation of resources into inputs for beef cattle production if their 
production programs have become optimal production programs. Thus, 
price changes may induce those farms to become efficient in the use of at 
least one of those input categories. Given the production technologies 
in the farms analysed, it does not seem that absolute efficiency in re­
source allocation in beef cattle production is an accomplishable goal; 
and (6) indiscriminate increases or reductions of input prices may nega­
tively affect beef cattle production in the long run. In both large size 
farm cases, IV and V, complementary feeds' price changes demonstrated 
to increase production in the short run, but in both cases calves' produc­
tion was reduced. The latter means a reduction of beef production in 
future years in favor of today's beef production. In farm case IV, feeder 
cattle purchases were substituted for farm's calves production, and in 
farm case V, a number of heifers were considered a slack activity. If 
either situation was generalized, future beef cattle production might be 
below its potential (with output prices unchanged). 
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In view of the observations concerning the reaction of farms to 
input price changes, it may be concluded that the generalized inefficiency 
in the allocation of resources into inputs for beef cattle production 
made input price policies ineffective in fostering that production. 
This conclusion is acceptable for the price ranges explored in the simu­
lation runs. Nevertheless, the marginal value productivity of those 
inputs indicated that for the activity levels of the optimized programs 
the prices of inputs could increase several times their actual level with­
out changing their quantity demanded. Then, beef cattle production could 
not be changed either. 
For these policies to be effective, it is necessary to possess a 
larger amount of -information about the technologies used in beef cattle 
production to properly select as policy instruments the price of those 
inputs which make the beef cattle production programs sensitive to input 
price changes. It seems that policies oriented toward favoring the 
production and(or) use of complementary feeds might be effective in bring­
ing forth larger amounts of beef cattle than are actually brought forth. 
This category of inputs proved to be more price sensitive than any other 
input category. 
Interest rate policies 
The interest rate policies simulated sought to find the economic 
justification to interest rate differentials for small farms and the im­
pact on the demand for feeder cattle (most probably supplied by small 
farms) of increments in interest rates for finishing cattle J The interest 
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rate paid by the small farms for calf cropping credit was increased from 
9 to 11 percent while the interest rate for finishing cattle was increased 
25 percent (Tables D12 through D16). 
Within each of the constraint and input price scenarios the amount 
of credit sought for beef cattle production changed only in those cases 
which were discussed under the former heading (Table 5.4). Nevertheless, 
the reduction in the quantity of credit demanded was not directly in­
fluenced by interest rate changes but by changes in the prices of those 
inputs referred to before. The marginal value productivity of credit 
before the change in the market cost of credit was always higher than 
its new cost. This implies that the activity level for credit would have 
remained the same if it were not for the transformations in production 
induced by the variations in the prices of inputs. 
It is to be noted that in farm case IV and under constraint scenarios 
I and III (b), the marginal value product of credit was driven doxm to 
the cost of credit by the transformation of feeder cattle for calf pro­
duction induced by input price variations (Table D15). At the same time, 
the marginal value product of the farmer's own working capital was driven 
to zero under constraint scenario I (b) and to $0.34 under constraint 
scenario III (b). 
Thus, the transformation between feeder cattle and calves was floored 
by the cost of credit in both those opportunities which most seemingly 
prevented the use of resources in complementary feeds and chemicals and 
fertilizers from reaching their allocation efficiency. Then, this farmer 
seems to be more efficient in finishing feeder cattle when the prices of 
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these particular inputs were 20 percent below their actual level and the 
cost of credit was 24 percent in one and a half year (16 percent per 
year), than he was when he emphasized calf cropping relative to finish­
ing purchased feeder cattle. This also seems to be a confirmation of the 
comment about this farmer's specialization in the third stage of beef 
cattle production presented under the former heading. 
Farm case V (Table D16) showed that in the original program under 
constraint scenario I (a) credit allocation into beef cattle production 
approached absolute efficiency. No test concerning cost variations of 
this calf cropping credit were undertaken. However, it was possible to 
assess that calf cropping credit in this farm could increase up to 14 
percent per year without affecting that credit procurement activity and, 
consequently, without affecting milk or beef cattle productions. 
For all three constraint scenarios,the marginal productivity of 
credit and(or) the owner's own working capital (when it was estimated) 
was high to very high in the small and medium size farms and generally 
high in the large size farms. With the exception of farm case III (Table 
C14) and for constraint scenario III, the activity range for those mar­
ginal productivities was ample, meaning that the activity was rather 
maintained than reduced. 
Figures 5.4 and 5.5 for farm cases I and V, respectively, exemplify 
the concepts which have been expanded in the preceding paragraphs. 
Interest rate differentials for small farms do not seem to be 
economically justified as at no time the cost of credit was a hindrance 
to beef cattle production. Any additional dollar procured through loans 
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(or any dollar of the oxmer's own working capital) contributed to the 
farmer's income many more times than its market cost. 
All these farmers, whether small or large scale operators, were 
inefficient users of credit, and with the exceptions noted, neither one 
reached the maximum producer's surplus in using credit from the national 
banking system. 
It may also be concluded that interest rate policies were not 
effective in fostering beef cattle production, at least for the range of 
interest rate variations considered in the simulation of those policies. 
They did not hinder that production either. However, in combination with 
input price policies, the 16 percent interest rate a year established 
a limit for the efficiency in resource allocation for two of»the input 
categories included in the production program for one of the farm case 
(IV). 
Credit constraint policies 
In accordance with the findings presented in the preceding section, 
farmers have the economic possibility of acquiring loans at even higher 
interest rates than those paid to banks of the national banking system. 
Therefore, capital rationing by these banks does not necessarily mean 
that the credit procurement activity of farmers would be reduced and that 
beef cattle production would be contracted unless that rationing effec­
tively affects the economic system as a whole. It means, however, that 
the portion of the producer's surplus which originates between the market 
interest rate and the banking interest rate will disappear from his net 
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income. That is, his net income would be reduced because a higher cost 
of credit but not because of a reduced beef cattle activity. 
Therefore, in order to maintain this section within manageable 
limits it was assumed first, that beef cattle credit procured by these 
farmers and shoxm in their production programs representd these farmers' 
true beef cattle production credit needs and, second, that captial ration­
ing was effective throughout the entire economic system. Thus, no changes 
in the input-output coefficients depicting this credit procurement 
activity would be allowed, neither would the farmers be motivated to 
procure credit elsewhere due to the interest rate structure which developed 
after the rationing of capital by the banking system. 
The effect of capital rationing was obvious with regard to the value 
of the production programs. With credit restricting calf cropping, the 
value of the program under constraint scenario II was always below the 
value of the program without such restriction (Table 5.3). However, once 
the farmers procured credit, it was allocated to uses which contributed 
more to farmers' net income or subjected to other nonphysical constraints. 
The latter ones contributed to maintain calf cropping activities by sac­
rificing other activities. 
Figures 5.6 and 5.7 depict farmers' reactions to credit rationing. 
Beef cattle production was maintained in the two small farms as equality 
or other constraints had been established for this activity. Contribu­
tions to cash flow was the main argument for the owner of farm case II 
to maintain that given level of activity, and a minimum cattle stock was 
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a condition required to farm case I, to guarantee a cattle loan. In 
these two farm cases the production of grains was sacrificed. 
In farm case III,the optimization of the production program under 
constraint scenario II resolved for a substitution of beef cattle activity 
for cotton activity. The substitution ratio was 1:5.87, measured by 
weight, for a total increment in beef cattle production of 400 kilograms 
(approximately a full grown slaughter steer a year). Farm cases IV and 
V show a different picture. Beef cattle and milk productions were re­
duced under constraint scenario II (Figure 5.7). 
The lessons learned from the simulation of production programs under 
constraint scenario II may be summarized as follows: (1) subjective 
constraints to production might be more important in determining the 
level of beef cattle activities than credit rationing. Then, increments 
in beef cattle credit might contribute, by the same token, more to the 
expansion of other agricultural or nonagricultural undertakings, partic­
ularly if interest rate differentials facilitate such type of activity 
or activities. This phenomenon may explain the observations made in 
Chapter IV concerning the rechanneling of beef cattle credit; (2) con­
tractual obligations stemming from other loans and(or) agreements pro­
duced the effect of maintaining a given level for beef cattle production, 
whatever the availability of credit; and (3) the degree of production 
diversification also determines the reaction of farmers to credit avail­
ability. If farmers were beef cattle or beef cattle/milk production 
oriented, credit rationing would restrict the level of both beef cattle 
and milk productions. However, farms with various production possibilities 
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either restricted or increased the beef cattle activity. Farm case III 
is an example of beef cattle production increments under credit constraint 
conditions. Then, increments in beef cattle credit might be rechannelled, 
by the same token, to other agricultural undertakings even if there are 
not interest rate differentials between beef cattle and those other ac­
tivities' credit. This may come about when other agricultural outputs 
are being considered and expansion costs cannot be financed on a short 
term basis. Beef cattle activity then becomes an indirect source of 
financial resources for those undertakings as medium term credit may be 
secured for beef cattle but not for annual crops. 
Proper monitoring of the farmers' credit program implementation 
seems to be an important component of any credit policy, whether credit 
is either restricted or increased. It is even more important when pro­
duction 'Objectives have been established. 
The experiments with credit constraints have offered a number of 
reactions which do not allow for a general conclusion for all these beef 
cattle farms, as it was possible in the cases of input price policies 
and interest rate policies. In those analyses, the conclusions were gen­
eral with some qualifications. 
Symmetry in reactions to credit availability for beef cattle was 
found only in those farms (cases IV and V) which were totally beef cattle 
or beef cattle/milk production oriented. As soon as other agricultural 
activities or subjective constraints entered into the decision making 
process credit availability did not produce the intended results. How­
ever, additional information about land use in beef cattle farms [31] 
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indicates that land allocated into other agricultural activities was less 
than 10 percent of the land incorporated to production. Consequently, 
the extent of the problem introduced by the alternative land uses in beef 
cattle farms is considerably reduced. Therefore, it can be safely gen­
eralized now that reductions or increments in calf cropping credit will 
reduce or increase the level of this activity in the majority of the 
beef cattle farms affected by the credit program. 
Given the type of model used for testing credit policies the 
generalization presented in the preceding paragraph is a confirmation of 
the expected results. Any reduction in the activity level of a constraint 
under optimized conditions will reduce somehow the value of the programs 
and the activity level of beef cattle production. 
Testing of Hypotheses 
The value of the programs and the physical production of beef cattle 
(in live weight equivalent) were both used to test the four remaining 
hypotheses. However, the analyses and comments presented in Chapter II 
and IV are brought to bear in the final assessment of some of the results 
of the simulation runs. The subsections which follow are headed by the 
name of the hypothesis which is being tested and are presented in the 
same order in which they were first introduced in Chapter I, except 
hypothesis 3 which was tested in Chapter II. 
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Capital is a critical bottleneck to 
expanding beef cattle production 
Additional financial resources needed for production over and above 
farmers' own working capital were the concepts used here for capital. 
Then it refers to credit granted to farmers. The adjective critical 
refers to how crucial those additional financial resources are for pro­
duction. Consequently, if production responsiveness to credit variations 
is very high, credit is a crucial resource for production. That respon­
siveness is measured by the elasticity of the value of the program and 
the elasticity of beef cattle production to this and to other policies, 
ceteris paribus. This credit policy was restricted to calf cropping to 
allow for comparability of results. 
In accordance with results obtained, the elasticity of the value of 
the program to variations in the volume of credit was as low as 0.04 in 
farm case V, and as high as 0.83 in farm case III (Table 5.7). Farm 
case II showed an elasticity ranging from 1.2 to 0.98 depending on the 
price scenario, but such elasticities corresponded to the farmers' own 
working capital. Then, for the remaining four farm cases the value of 
the program was, in general, inelastic to changes in the amount of credit 
for calf cropping (constraint scenario II against constraint scenario I). 
On the other hand, beef cattle production was absolutely inelastic 
(=0) in two of the farm cases, due to subjective or other constraints, 
and positive but inelastic for farm cases IV and V. Farm case IV showed 
two coefficients of elasticity for two different situations. The first 
one shotm is constraint scenario I and is of value 0.107 and the second 
Table 5.7. Elasticities of value of the program and beef cattle production to input prices, 
interest rates and credit policies in farms selected 
Elasticities Farm Cases 
II III IV V 
Value of the program to input prices 
Constraint Scenario I -.110 -.083 -.201 -.071 -.0704 
-.097 -.0706 
Constraint Scenario II —.099 —.083 —.201 —.070 —.0710 
-.052 -.092 -.0720 
Constraint Scenario III -.120 -0.14 -.067 -.323 -.0800 
Value of the program to credit 
Constraint Scenario II .56/.59 1.2/.98^ .830 .477/.463 .039/.042 
Value of the program to interest 
rate -.016 -.09/-.02 -.090 -.0200 
Beef cattle production to input 
prices 
Constraint Scenario I 0 0 0 -.057 .1800 
Constraint Scenario II 0 0 0 0 0 
Constraint Scenario III 0 0 0 -.420 0 
Beef cattle production to credit 
Constraint Scenario I ) - 0 ,107 .104 
Constraint Scenario II 0 - -.750^ .512 .283 
Beef cattle production to interest 
rates 0 - 0 0 0 
Other commodities to credit 
Cotton 
Other commodities to input prices 
Milk 
^Farmer's own working capital. 
^Transformation of beef cattle for milk. 
^Transformation of beef cattle for cotton. 
.2900^ 
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one is 0.512 estimated for constraint scenario II. The latter coefficient 
corresponded to credit rationing while the first coefficient was the re­
sult of a substitution process in production induced by changes in input 
prices. In farm case V, that beef cattle elasticity to credit restric­
tions ranged from 0.104 to 0.283 depending on the price scenario. Farm 
case III showed the highest elasticity coefficient but with negative 
sign, -0.75. The reason for this sign was to be found in the new production 
mix obtained in maximizing this farm's production program under credit 
constraint conditions. The production possibility surface was reshaped 
by the shifting of this resource inducing a substitution of beef cattle 
for cotton activity in the newly optimized production program, with a 
marginal rate of substitution of beef cattle for cotton of -0.17045. 
Cotton elasticity to credit restrictions resulted to be 2.6, or highly 
elastic. This result is expected with resource competing activities. 
As will be seen later on, increments in the amount of credit made 
available to this farm case III has produced the effect of substituting 
other activities for cattle, and such substitutions have sound economic 
reasons. 
In general, the response of production to credit variations is 
inelastic. As may be recalled, hypothesis 3 stated that beef cattle pro­
duction was inelastic to changes in the credit bill and that hypothesis 
was tested and accepted in Chapter II. That hypothesis dealt with total 
beef cattle production. The findings of this chapter, which deals with 
individual producing units, seem to offer additional support to hypothesis 
3. That is, these two hypotheses, 1 and 3, support each other. 
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It was suspected that the elasticity of production to the credit 
bill as estimated in Chapter II and the elasticities of production as 
estimated from the optimized production programs for the individual pro­
ducing units might have been substantially different, in view of beef 
cattle credit rechannelling, as commented upon in Chapter IV. Although 
such beef cattle credit use reorientation was a fact uncovered during the 
interviews with farmers, the direct comparison of these elasticity coef­
ficients does not allow for a positive conclusion on that matter. A 
different testing procedure ought to be designed. 
Based on the aforementioned information, it may be concluded that 
credit reductions or increments may be important for beef cattle produc­
tion as such production will follow the direction impressed on credit. 
However, changes in the level of credit do not seem to induce quick re­
sponses in beef cattle production. Consequently, this hypothesis is not 
accepted, ceteris paribus, but with the qualification offered at the be­
ginning of this paragraph. 
Differential interest rates may be 
detrimental for beef cattle production 
The existence of differential interest rates for beef cattle 
production for small size farms and large size farms, and for calf crop­
ping and cattle finishing activities, which is the way this policy is 
being implemented, was suspected to be detrimental to overall beef cattle 
production. If the interest rates for cattle finishing were substantially 
higher than the interest for calf cropping, the demand for feeder cattle 
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might be discouraged negatively affecting calf cropping, which was being 
promoted with the (lower) differential rate. 
The results of this experiment proved both that this reasoning did 
not find support in the facts observed and that the policy did not have 
any economic justification within the interest rate ranges for which 
this policy was tested. 
In the first place, the value of the programs to changes in the 
interest rate for calf cropping for small size farms and to changes in 
the interest rate for cattle finishing was highly inelastic and negative. 
TLe highest elasticity coefficient was -0.09. In the second place, 
beef cattle production was absolutely inelastic (=0) to changes of either 
interest rates. 
It may be recalled that large size farms moved more promptly to 
allocative efficiency of credit under the influence of other policies. 
It may be concluded that, ceteris paribus, the existence of interest 
of interest rate differentials might not be detrimental for beef cattle 
production as feeder cattle for finishing would not be discouraged and 
calf cropping activities would not be negatively affected. On the over-* 
all, beef cattle production would not be contracted on account of this 
policy alone. It must be added that the existence of interest rate dif­
ferentials is not economically justifiable as the marginal value product 
of credit is high in most farms, meaning that such policy contributes to 
inefficiency in the allocation of credit among the various users. 
Therefore, for the range of interest changes for which this policy 
was tested, this hypothesis is rejected. This range is up to 11 percent 
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percent for calf cropping (but it could be higher) and up to 25 percent 
for cattle finishing. 
Beef cattle production is, for the 
most part, inelastic to changes 
in prices of inputs 
This hypothesis is accepted. Both elasticities for the value of 
the program and for beef cattle were negative and very low (Table 5.7). 
With one exception, the elasticity of the program to changes in the price 
of inputs was below -0.20 and most elasticities were within the range 
-0.07/-0.12. 
Likewise, production of beef cattle was inelastic to changes in the 
prices of inputs. There was also an exception, this concerned the sign 
. # 
of one coefficient in farm case V. The estimation of the elasticities 
had been done directly among the value of programs and beef cattle produc­
tion to variations in input and resource costs. When the optimization 
of the production plan calls for a change in the production mix, one of 
the production turns out with the right sign for the elasticity coeffi­
cient, while the production which substitutes for that which was reduced 
in the optimization process results with an apparently wrong sign. The 
absolute value for this coefficient was of the right level and with the 
qualification presented is also acceptable [79, 19]. 
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Production of cattle from dual purpose 
cattle farming may show greater 
sensitiveness to changing economic 
conditions than other beef cattle 
producing farms 
As noted throughout the discussions which precede, the dual purpose 
farm under study has not displayed any different behavior concerning the 
policies tested to that of other farms. The value of the program under 
the different constraint and price scenarios was inelastic to input price 
changes, credit changes and interest rate changes as much as any other 
farm. The same was true for the activity level of beef cattle. 
There was a quick response to input price increases under constraint 
scenario I. As explained before, such change was prompted by the fact 
that efficiency in the allocation of resources into one of those inputs 
was, in fact, being approached under the actual price scenario. As soon 
as the price of that input was increased, increment which was above the 
input's actual marginal value product, the optimization process opted 
for another production mix. 
The same type of behavior was observed also in farm case IV but 
under input price reductions in constraint scenarios I and III. Farm 
case y substituted beef cattle for milk, farmer IV substituted feeder 
cattle for calf cropping. Furthermore, farm case III substituted beef 
cattle for cotton under constraint scenario II, credit reductions. 
It seems that beef cattle response to input and interest policies 
is more closely associated to allocation efficiency than to the type of 
farming under consideration. It must be clarified, however, that such 
efficiency in the allocation of resources seems to be more readily 
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attained as the volume of production and(or) the size of the operation 
increase. 
The former statement does not necessarily mean that there is an 
absolute advantage for resource allocation efficiency in large enter­
prises [46], but certainly it was that efficiency in resource allocation 
which prompted some adjustments in the production mix in farms IV and V. 
Both were calf cropping and cattle finishing farms. On the other hand, 
both these farms were above the size of operation for which the minimum 
economic size was established in the adjacent beef cattle subregion, 
112 hectares and a given investment structure [2]. 
To summarize this section, hypothesis 5 is rejected with the 
qualifications stated above. The dual purpose farm's beef cattle produc­
tion is not necessarily more sensitive to the various cost scenarios 
than any other farm but due to its scale of operation under certain cir­
cumstances it may more readily adjust its production program under the 
influences of certain policies, ceteris paribus. 
Other Policies 
Constraint scenario III (Table 5.7) brought up information with 
regard to the production programs under the assumption that the subjective 
constraints were either completely eliminated or substantially reduced. 
The purposes were first to assess their economic justification and(or) 
the cost of their adoption measured in the terms of the income foregone. 
Second, to seek for other potential policies or the redefinition of some 
of those which are being implemented, such as technical assistance. 
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In order to accomplish these purposes, the optimization process 
utilized a minimum and meaningful set of constraints in terras of the re­
quirements of optimization. 
By comparing constraint scenario III with constraint scenario I, 
the original program, it was discovered that the two small size farms 
could potentially increase the value of their programs considerably if 
it were not for those subjective constraints (Table 5.8). Farm case I 
could increase the value of the program as much as 21.8 percent under 
reduced price scenario or as little as 21.4 percent under increased price 
scenario. Production of beef cattle and grains could both be increased 
by eliminating the constraint on the activity level for grains and by 
using more extensively the land leasing agreement which was valid as of 
April, 1980. Risk aversion in grains production and a limit set to the 
stock of cattle to a level which the farm could support during the rainy 
season was costing this farmer over $1,700 a year in net income foregone. 
Farm case II could also increase its net income by eliminating or 
reducing the equality constraint imposed on the beef cattle activity, 
from 2.1 hectares to 1 hectare. That increment could be in the neighbor­
hood of 16.5 percent whatever the price scenario is. Then, this farmer's 
idea of maintaining the beef cattle activity to add to the farm's cash 
flow is costing him approximately $1,000 a year in net income. This is 
the only farmer of the 15 interviewed and reported in Chapter IV who did 
not have and did not want banking or any other type of credit. Equity 
risk aversion might be costing this farmer than amount in net income a 
year. 
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Table 5.8. Net income variations in production programs when subjective 
and(or) other constraints are reduced or eliminated in farms 
selected 
Constraint Scenario III^ 
Farm Case Original 
Input 
Cost 
25 Percent 
Cost 
Reduction 
25 Percent 
Cost 
Increment 
I 121.65 121.82 121.43 
II 116.47 116.24 116.71 
III 32.97 31.56 35.38 
IV 0.00 0.00 102.75 
V 112.13 112.12 112.72 
^SOURCE; [Table 5.3]. 
^Value of the program in constraint scenario III divided by its 
counterpart in scenario I, multiplied by 100. 
Farm case III has not reached the optimization of its actual 
production program because calf cropping is being stressed instead of pro­
ducing more slaughter steers as the optimized program calls for (see 
this farm's profile, page HQ). It is interesting to note that by elim­
inating subjective constraints such as minimum activity level for rice 
production or maximum for cotton, the value of the program would be re­
duced drastically to one third, approximately, the value of the original (I) 
program. Nevertheless, beef cattle production would be 53 percent 
higher under constraint scenario III than under constraint scenario I 
(Table 5.4). A glance at tables D8 and D14 proves that this farmer would 
be very inefficient when he fully specializes in beef cattle production. 
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as he once did. The marginal value product of inputs and financial 
resources would be far above the market price of those inputs and bor­
rowed capital. A substitution of other activities for beef cattle, 
given this farmer's beef cattle production technique, has been beneficial 
from the viewpoint of the value of the production programs but not for 
the production of beef cattle. Then, restrictions to the production pro-
gran have been economically sound as better use has been given to those 
inputs and financial resource in the sense of movements toward a greater 
allocative efficiency. In the area of beef cattle production,it is evi­
dent that some improvements could be accomplished by paying more atten­
tion to the health program for beef cattle, reducing perhaps the calf 
mortality rate whatever its causes. The marginal value product of veter­
inary medicines was as high as twenty-twofold for the 1979-80 production 
program. 
Farm case IV offered another interesting feature to this analysis. 
The value of the program under constraint scenario III and under con­
straint scenario I would almost be identical to each other, whatever the 
price scenario, but beef cattle activity would be 7.7 percent higher 
under constrainty scenario III. Milk production compensates for the loss 
of income from beef cattle. 
It is to be observed (Tables D9 and D15) that the marginal value 
product of all inputs and financial resources also remained almost the 
same under both constraint scenarios I and III, which may indicate that 
he is equally efficient or inefficient in both types of beef cattle 
productions. What seems evident is that this farmer has not yet mastered 
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the technique of calf cropping as it was stated in a former section. 
Chemicals, fertilizers and veterinary medicines offered the greatest op­
portunities for income improvements for this particular farm. 
Scenario III depicts approximately the farm case V production 
program for the year 1978-79 but incorporates the additional amount of 
land put under grasses for the expansion program. As mentioned before, 
such a program could be completed by the year 1981-82 or 1982-83. Then 
constraint scenario I corresponds to that program expanded to 1983. The 
optimization of that program proved to be feasible for the constraints 
established. Consequently, the inclusion of those subjective constraints 
such as the maximum number of milking cows increased the value of the 
program, whatever the price scenario within constraint scenario I. This 
optimization process proved also that the rotation system to be expanded 
of nine years sorghum, sorghum, grass (SSG) was not economical beyond 
the required amounts of sorghum to be used as complementary feeding for 
milking cows. The marginal value product of sorghum was much higher when 
used as forage than the proceeds from sales. It may pay the farmer more 
to buy than to produce sorghum. 
That program optimization also proved that allocation of resources 
into complementary feeding as a category of inputs would be quite effi­
cient by 1982 (assuming unchanged economic conditions). That category 
of inputs will then be very sensitive to input price policies. The next 
aspect of the program would be to improve the animal health "subsystem" 
as allocation of resources into this category of inputs would not reach 
efficiency when the proposed program was optimized, simulating production 
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production conditions of 1983, given the price scenarios, ceteris 
paribus. 
The comments of this section could be summarized as follows: (1) 
farmers seem to be in need of better guidance or assistance for produc­
tion decision making which is independent of the production techniques 
(or technology) used for bringing forth beef cattle and other outputs. 
This conclusion applies to all farm cases. The optimization process for 
these farms' production programs showed that actual production decisions 
were not optimizing farm income. Farm cases I and II were paying a very 
high price for subjective constraints established for their production 
programs, and farm cases III and IV optimization resolved for a different 
production mix to that actually observed (see these farms' profiles). 
In farm case V, the decision for a nine-year crop rotation SSC would not 
be advisable; (2) some farmers seem to be in need of better guidance or 
assistance to improve production techniques, particularly in those cases 
where new activities are introduced into the production program. With 
regard to beef cattle production, farm case IV exemplifies this need. 
Substituting calf cropping for purchasing and finishing feeder cattle 
has not represented an income improvement for this farmer. The value of 
the production programs were, for all practical reasons, the same. It 
also seems that production techniques which are common in beef cattle 
finishing are not efficient in calf cropping. For the latter beef cattle 
production stage, new techniques ought to be learned; (3) in all farms, 
the animal health subsystem seems to offer additional opportunities for 
improving farm incomes. The marginal value product of two categories of 
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inputs which give support to that aspect of beef cattle production would 
be high even under production optimization programs. In many of these 
farms,calf mortality was very high. A more appropriate use of veterinary 
medicines and chemicals to combat parasites seem to be a condition for 
farms' net income to increase; and (4) complementary feeds was the cate­
gory of inputs which reached efficiency in allocation at a faster rate 
tlian any other category of inputs. Tliis implies that the (imaginary) 
curve depicting the marginal productivity of this input drops at a fas­
ter rate than that of the other two categories of inputs tested for 
input price policies—chemicals and fertilizers and veterinary medicines 
(Figures 5.2 and 5.3). The only two opportunities in which beef cattle 
substituted for other activities or for other stages of beef cattle pro­
duction were induced by sharp variations in the marginal value productiv­
ity of complementary feeds under price variations. Then, cheaper sources 
of complementary and supplementary feeds ought to be obtained or developed 
on the farm in substitution for those actually purchased. With refer­
ence to this category of inputs, it is possible to develop forage produc­
tion programs which could successfully substitute for the sources of 
nutritional elements presently provided by the purchased feeds to some 
extent. Chemicals and fertilizers could be combined with higher cattle 
loads and higher rotation of cattle on smaller grass lots for that pur­
pose. Rey and Mata [60] have indicated that it would be possible to 
double beef cattle production in Costa Rica with the types of grasses 
presently used in beef cattle farming. Although they did not qualify 
that statement, the analysis of the modus operandi of these five farms 
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evidenced first, that in the three farms with higher cattle rotations and, 
consequently with higher cattle loads, the amount of adult cattle grass 
rations produced were the highest and second, that under these operation 
conditions application of fertilizers to grass increased those rations 
to a higher level, at least in one instance (see Farms I, II and V pro­
files and Table C8). 
Technical assistance 
The aforementioned comments have identified two types of assistance 
needed by farmers to better produce beef cattle. The first type of assis­
tance is in the area of decision making rules concerning the "best" 
production programs, i.e., rules for allocative efficiency of fanners' 
resources including those made available to him, such as credit, or pro­
cured by him, such as inputs. Rules concerning decision at the "margin" 
in program selection ought to be first taught to those responsible for 
giving assistance directly to farmers in order to capacitate them to ad­
vise intelligently on production alternatives. Techniques such as budget­
ing and linear programming could be of great assistance to those advisors 
[17]. 
This training is also necessary to focus more properly on the various 
aspects of the agricultural business so that each aspect could be addressed 
in an appropriate manner. Farmers may not be willing to accept advice 
concerning new production techniques, but may be willing to accept advice 
which,upon adoption, will increase farms' income, given the technology in 
use. This type of assistance might be highly regarded even in those cases 
where farmers act on their perception of the risks involved. 
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As proven by the optimization process of production program, this 
type of assistance may yield greater results as measured by increased net 
farms' incomes than alternative means of supplying assistance. 
The second type of assistance falls in the traditional category of 
technical assistance. Nevertheless, the assistance identified for beef 
cattle production is far more specific in the sense that it is selective 
in a twofold sense. It ought to be extended on a priority basis to those 
farmers who have recently integrated, or are in the process of integrat­
ing, two or the three beef cattle production stages. Such technical 
assistance ought to be directed to particular subsystems: animal nutri­
tion and animal health. 
Calf cropping would be the stage which may require the most advice 
in terms of how to better produce or how to obtain the highest yield 
from given resources (technical efficiency). That is, how to obtain and 
sustain a highest possible crop of calves. 
The high mortality rate for calves in Chapter IV (Table Cll) 
evidenced the magnitude of the problems farmers are confronting in this 
stage of production. On the one hand,this mortality was related to de­
ficient disease control. On the other hand, it was also related to dry 
season calves' starvation. Cattle farmers have to learn to cope with 
those problems when they venture into this stage of cattle production. 
An improved animal health program in beef cattle production would 
create additional problems to farmers if pari passu production of forages 
is not taken into consideration. A higher survival cattle ratio would 
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increase the demand for more adult cattle grass rations from the farm. 
Then, to reap the benefits of the first, provisions should be taken with 
respect to the second. It is possible that if such provision is not 
adopted any improved animal health program might be rendered uneconomical 
and might be promptly abandoned. 
How to produce more grass and how to conserve it for the dry season 
months is an aspect of beef cattle production requiring most attention. 
Table 5.9 summarizes beef cattle and milk productions for the five farms. 
The largest beef cattle and milk productions per hectare were obtained 
by those farms which practiced application of fertilizers to grasslands 
and(or) high cattle rotations and cattle loads on grass lots. The small 
scale operators produced more than the larger scale operators, but among 
the latter the dual purpose production farm produced 70 percent more 
beef cattle per hectare than the closest production per area of the re­
maining two farm cases. The highest production of beef cattle per hectare 
was obtained by the farmer who fertilized grass lands. 
Grass production technique via high cattle rotation and high cattle 
loads [66] might require a small learning effort on behalf of farmers, 
and possibly small additional investments, particularly in fences. It 
might require also appropriate experimentation for well-directed advice 
on this matter. 
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Table 5.9. Production of beef cattle and milk in kilograms per hectare 
under coi 
selected' 
nstraint scenario I (optimized program) in farms 
Farm Case Kilograms per Hectare 
Beef Cattle Milk 
I 333.33 755.56 
II 380.95 618.57 
III 135.07 
IV 124.93 14.63 
V 230.00 443.98 
^SOURCE: [Table 5.3]. 
Technical assistance tied to credit 
The National Development Plan, as many times mentioned, did not define 
the criteria nor the implementation to be followed in the various poli­
cies selected. Technical assistance tied to credit was no exception. 
In the first place, techniques which would improve the physical effici­
ency of farmers' resources were not disclosed and the opportunity for 
establishing a workable relationship between the agents of technical 
assistance and the credit agents was left in limbo. 
In accordance with the foregoing discussion, however, there seem 
to be two defined areas where that cooperation could be sought and se­
cured and which might be most promising for beef cattle production. 
There are the areas of animal health and sanitation and production and 
conservation of grasses (forages). As it was discussed before, these 
two areas require emphasis and synchronization. 
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It is not the purpose of this section to expand the mechanism which 
could be developed to make that cooperation efficient and effective, but 
to identify where that cooperation is needed the most measured in terms 
of where it might be most fruitful. The proof for these identifications 
has been offered throughout the entire chapter. However, it ought to be 
emphasized that whatever the forthcoming recommendations for actions on 
these areas (subsystems), they ought to become covenants in the cattle 
loans which should be monitored to guarantee compliance with the produc­
tion plan. 
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CHAPTER VI. CONCLUSIONS AND 
RECOMMENDATIONS 
This report examines the targets and the policies of the National 
Development Plan 1979-1982 "Gregorio José Ramirez" for beef cattle. 
That examination was guided by six objectives and five hypotheses. It 
was set to: (1) determine if there was a gap between expected and 
planned beef cattle production levels; (2) offer reasons for the gap, 
if it existed; (3) determine if the various target variables were con­
sistent with each other and how they could be made consistent with each 
other, if there were inconsistencies; (4) articulate and analyze policies 
which could contribute to increased cattle production and increased ex­
ports of cattle and beef, as a corollary of the latter point; (5) develop 
and test a model for policy analysis and apply it to selected farms for 
testing various hypotheses of this research; and (6) suggest areas of 
needed research. 
Objectives 1 and 3 were fulfilled in the examinations reported in 
Chapter II and objective 5 was fulfilled in the developments of Chapters 
III through V. Objectives 4 and 6 are dealt with in this chapter. 
A brief account of the policies and hypotheses tested is the subject 
matter of subsequent sections of this chapter. As an outgrowth of that 
testing process it was possible to define precedence for actions of a 
policy not specifically tested but selected by the planning authorities 
to foster beef cattle production. Finally, two other policies not chosen 
170 
by those authorities were recognized early in the examinations as needed 
to bring order to the expansion in beef cattle supply. 
Five hypotheses were tested, one in Chapter II and four in Chapter 
V. Three of those hypotheses were rejected—1, 2 and 5—and two were 
accepted—3 and 4. Hypotheses 1 and 3 were opposite each other but 
they were designed to conduct policy tests at different levels of aggre­
gation for economic data. Had hypothesis 1 been accepted, it would have 
contributed to test another hypothesis which was implicit but recognized 
at the time the tests were designed: rechanneling of beef cattle credit. 
As hypothesis 1 was rejected and 3 accepted, the opportunity of finding 
support for the hypothesis was dissipated. 
Conclusions 
Production and export goals 
It was first concluded that there was a gap between the expected 
beef cattle production and the production projected for beef cattle in 
the National Development Plan. That is, a gap exists between the produc­
tion that would have been forthcoming given its trend and the level of 
production desired by the planning authorities. In fact, the beef cat­
tle inventory model proved that the total inventory of beef cattle began 
to decrease in 1976, but production of cattle had already started a down­
turn with sustained reductions from 1975 throughout 1978. The latter 
was the base year for the Plan's projections. As explained by the 
relationships of the various components of the beef cattle inventory, a 
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reduction in production is consistent with increments in the supply of 
cattle under given circumstances—if the inventory of cattle is being 
reduced. 
Consequently, in view of the place beef cattle exports have in the 
country's balance of trade, a program to redirect that trend in both 
the inventory and the production of cattle had a legitimate place in the 
National Development Plan. It was also concluded that liquidation of 
cull cows initiated this trend under the influence of international mar­
ket conditions. The production program for beef cattle was geared to 
increase beef cattle exports throughout the quadrennial period of the 
plan, 1979-1982. 
The long-run objectives of the beef cattle program were perceived 
as medium term objectives in view of an incorrect analysis of the infor­
mation used for devising the beef cattle program. 
Secondly, it was concluded that the quantum target for the beef 
cattle production program was unattainable. The compliance with this 
quantum target would have exhausted all available agricultural land by 
1982. The additional land requirements were 520,000 hectares over the 
land allocated to pastures in 1973. The origin for the misspecification 
of the quantum target was found in an erroneous interpretation of data 
for cattle supply. In devising the beef cattle program, cattle supply 
for 1978 was equated to cattle production. However, this cattle supply 
contained components which could not be accepted as production: 
(a) 13,800 cattle due to cattle inventory reductions in 1978 and (b) an 
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an estimated 48,000 cattle of officially unrecorded beef cattle imports, 
supposedly from neighboring countries. When these two values were added 
to the actual beef cattle production value for 1978 the new value sup­
ported the 2.7 percent growth ratio for the quantum target. In other 
words, that quantum target, 91,600 metric tons of beef for 1982, is a 
composite value which includes reduction in the inventory of cattle, 
unrecorded cattle imports and actual beef cattle production, all growing 
at a 2.7 percent per year rate. The quantum target is not a production 
target for beef cattle. For the quantum target to be a production tar­
get, the latter would have to increase at an annual rate of 7.9 percent. 
Such growth rate has never been attained before. 
Thirdly, it was estimated that at least 40,000 cattle of the 
officially unrecorded cattle imports were slaughter steers which were 
processed for meat exports in 1978. As a result of this, beef cattle 
export goals were overestimated. Exports were projected at a growth 
rate of 4.6 percent per year. Consequently, unless officially unrecorded 
cattle imports continued during the quadrennial 1979-1982 period, these 
annual export goals could not be fulfilled except if the country's meat 
consumptions were suppressed. Once the information about beef cattle 
production was corrected, it became evident that the export goals and 
the implied domestic (country's) demands for meat were in conflict with 
each other. The implication was that maintaining the export goal for 
beef cattle for 1982 would represent a reduction of the country's con­
sumption of meat in 1982 to 32 percent of the 1978 consumption level. 
Beef cattle exports were defined by the Public Law #4412 of August 28, 
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1969, as production surpluses. The actual result of the program would 
be a reversal in the intention of the law, if maintained. 
Fourthly, production, export and implied domestic (country's) demand 
for meat as proposed by the National Development Plan were in conflict 
with each other. The cattle production program in the area of targets 
qualifies as inconsistent. To confirm with one other example, production 
of cattle was supposed to grow at 2.7 percent per year and beef cattle 
exports at 4.6 percent per year. Under this set of circumstances,the 
participation of exports in production would grow at 1.1 percent per 
year. If production would grow to represent 91,600 metric tons of meat 
in 1982, that participation would be negative, 1.5 percent per year. 
Nevertheless, if the actual 1978 beef cattle production level was 
used to establish a production goal for beef cattle, a growth rate of 
2.7 percent per year as a target for that production seemed attainable. 
Production projections under two hypotheses proved that in reversing 
the production and cattle inventory trends from downsloped to upward 
total supply of beef cattle would be contracted more if the growth rate 
selected was relatively high, as compared to that contraction when the 
growth rate was comparatively low. The implication is that under the 
present downsloped production and cattle inventory trends the lower the 
growth rate selected for reversing the trend the smaller the contraction 
in the total supply of cattle. Consequently, the reduction in consump­
tion and exports would be considerably minimized. This phenomenon is 
related to the number of cull cows brought to the market under these 
possible production growth rates. 
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Finally, it was evident that the inconsistencies in the beef 
cattle program of the National Development Plan developed for two main 
reasons: (a) lack of testing the compatibility among its explicit and 
implicit multi-targets (production, consumption, exports, and investment 
in beef cattle) and (b) the material balances to test the feasibility of 
the production targets were not brought to bear during the target set­
ting process (cattle inventory, land use). 
National Development Plan policies 
Of the five policies selected by the National Development Plan to 
foster beef cattle production, two were specifically tested with the aid 
of five hypotheses. The policies tested were credit and input prices. 
Credit was composed of two parts: (a) amount and (b) interest rates 
differentials. A third policy was more sharply defined in terms of 
priorities: areas of agronomical research which required more attention. 
Beef cattle production elasticity to credit availability was tested 
first for the total country's production and a long-run elasticity was 
obtained. This test was undertaken to fulfill the requirements of 
hypothesis 3. At the same time, another elasticity coefficient was es­
timated for the response of production to a composite (index) variable 
representing the cost of agricultural inputs and labor. 
The tests for other aspects of the quantum credit policy—the 
interest differentials policy and input price policies—were undertaken 
at the microeconomic level. Five farms of various sizes, from various 
locations within the beef cattle subregion, were selected for the research 
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and, with different production mixes, were chosen to test the remaining 
hypotheses and those policies. However, a larger number of farms was 
visited and the information elicited was processed also. Then, a more 
general view of the input-output coefficients for the various activities 
was derived. 
Credit constraint policies 
Beef cattle production response to credit was tested for the country's 
total cattle production with the aid of a multiple regression model 
describing a long-run production function where credit took the place of 
capital. The best fit obtained was for credit lagged one year and the 
elasticity coefficient estimated had a value of 0.36, with values of 
0.18 and 0.54 for the lower and the upper confidence limits, respectively, 
at 0.05 p level. In view of this result, hypothesis 3 was accepted; 
Beef cattle production is inelastic to credit availability. However, it 
is positive. The implication is that credit contributes to foster (or 
to restrict) production if larger amounts are made available (or reduced), 
but one percentage change in production would require 2.78 percent change 
in the amount of credit. 
The same quantum policy was tested with the aid of a linear 
programming model for the various farms chosen, simulating short-run 
credit restrictions. With no exception, the value of the program was 
reduced, assuming ceteris paribus conditions for the other variables in 
the model. However, the value of the program was inelastic to changes 
in the amount of credit. Likewise, the activity level for beef cattle 
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was also inelastic to those credit variations. In some cases the value 
of the coefficient was zero, but for causes unrelated to credit: sub­
jective constraints which maintain a given level of cattle production 
under any type of circumstances. Then, hypothesis 1 was rejected, as 
the coefficient of elasticity of beef cattle production to credit was 
less than one for the short-run production period; credit was not crucial 
for beef cattle production. However, it is important as variations in 
either direction will induce production to move in the same direction. 
The short-run elasticity- coefficients for the cases analyzed were higher 
than the long-run elasticity coefficient for the same variable lagged 
one year. 
The contributions of these tests have been the estimation of the 
elasticity coefficients as the results were anticipated in accordance 
with theoretical considerations. 
Interest rate policies 
The simulations with the linear programming model indicated that 
production of beef cattle was absolutely inelastic to variations in the 
interest rate, from the favored interest rate for small farmers, 9 per­
cent, to equalization with the interest rate paid by large size farms 
for calf cropping, 11 percent. Production in the small farms was abso­
lutely inelastic to that change. However, that change could have been even 
several times higher with similar results because the marginal value 
product (shadow price) of credit was so high and the range for which it 
was valid so ample that the credit activity level would not change for 
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a wide range of credit cost variations. This implies inefficiency in 
the use of credit resources and inefficiency in the allocation of credit 
resources among users. Consequently, credit rate differentials do not 
seem to have any economic justification. Contrariwise, it is inefficient 
from the vieTfpoint of the economy as a whole if better use was found for 
funds transferred as subsidies to the small farmers. 
Purchases of feeder cattle were not hindered by increments in the 
cost of credit by 25 percent as such demand was absolutely inelastic to 
that variation. Consequently, the country's calf cropping activity does 
not seem to be affected by this differential rate. 
Hypothesis 2, which states that the differential rate between calf 
cropping and cattle finishing credit cost was detrimental to beef cattle 
production, was rejected. But with the qualification that the differ­
ential rate between small and larger size farms was not economically 
justif ied. 
Input price policies 
This policy was tested for variations of + 20 percent the actual 
price (cost to farmers) of three categories of inputs: (a) chemical and 
fertilizers, (b) complementary and supplementary feeds and (c) veterinary 
medicines. Again, ceteris paribus conditions were assumed. The value 
of the programs was in all cases inelastic to input cost changes and the 
coefficients all had minus signs. A reduction in the cost of these inputs 
increased the value of the program and vice versa. Beef cattle production, 
on the other hand, was also inelastic or absolutely inelastic. The 
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latter was influenced by other causes such as subjective constraints to 
production. The long-run elasticity for the aforementioned composite 
(index) variable was also very low, -0.276, with lower and upper confi­
dence limits of -0.465 and -0.221, respectively, at 0.05 p level. This 
long-run elasticity coefficient for inputs and labor costs seems to sup­
port the results obtained with the simulation cases. Consequently, 
hypothesis 4 was accepted. 
It was learned, however, that the marginal physical productivity 
of the second category of inputs, complementary and supplementary feeds, 
dropped very sharply with increased volumes of production. It makes this 
category of inputs a prime target for cost reduction policies, whether 
price decrements or substitutions of other sources of nutritional ele­
ments for those presently procurred. 
The other two types or categories of inputs showed a very high 
marginal value productivity with an ample range of activity levels. It 
means that with the actual cost of inputs, or even increasing slightly, 
it is possible to improve farmer's income by searching for and adopting 
improved animal health programs. 
The fifth hypothesis, which states that production of cattle from 
dual purpose cattle farming may show greater sensitivity (elasticity) to 
changes in the availability of credit, interest rates and prices of in­
puts, than production of cattle from farms devoted to given stages of 
beef cattle production, was also rejected. Although it ought to be recog­
nized that there was only one farm on which to base those conclusions, 
which may not be reliable enough, the rejection of the hypothesis was 
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based on other considerations as well. In the first place, this farm 
displayed a behavior to the policies tested which was similar to that 
of the other farm cases. The elasticity coefficients to variations on 
policies did not support the hypothesis in the way it was conceived. 
It was observed that in those circumstances in which production 
changes were recorded the marginal value productivity of the variable 
which induced the shift was either very similar or very close to the cost 
attached to that variable, before it changed. Then, efficiency in the 
allocation of resources (marginal cost = marginal revenue) is 
the condition required in farms' production for the policies selected 
to become effective in introducing variations into those farms' produc­
tion mix. That efficiency was not generalized and the policies were not 
effective in inducing variations in the activity levels for beef cattle. 
But this marginal condition is not exclusive of dual purpose beef cattle 
farming either, although it was implicitly assumed in the hypothesis 
tested. Then, such farm was not differently efficient in the allocation 
of resources to production. However, the two largest farms recorded 
those variations and they were induced by changes in the cost of inputs. 
This implies that, to some extent, farm size has some influence on the 
degree of allocative efficiency of resources to production. 
Alternative Policies Excluded by 
the National Development Plan 
The assessment of this research of the beef cattle industry's 
ability to perform in accordance with the beef cattle program of the 
National Development Plan is quite different from the evaluation of that 
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ability implicit in the Plan. Thus, the policies conceived for the beef 
cattle industry vary in accordance with the perception of the problems 
to be solved with those policies. 
For the plan there was a need for indicating direction to production 
only, and in the same vein were the policies designed; indicative of 
what could be done, i.e., monitor prices and quality of inputs. This 
research defines a situation in which indicative policies do not have a 
place in view of the urgency of the problems identified. 
For this research, beef cattle production and total inventory started 
to decrease, as was pointed out above, in 1975 and 1976, respectively, 
as a result of which beef cattle supply outpaced production, also since 
1975. Consequently, the outlook for the stock of cattle is a decrement 
in the long run. 
Recommendations 
The National Development Plan was designed to be complied with and, 
therefore, fulfilled during the 1979-1982 period. Two of the four years 
of the Plan were completed by December, 1980. 
The findings of this research (with the cattle inventory model) showed 
that within a finishing cycle of three years for slaughter steers, the 
supply of this type of cattle are known quantities in advance, for as many 
years. Furthermore, given the total cattle inventory for 1981, the total 
supply of cattle for 1981 and 1982 are almost predetermined. Credit re­
quired for 1981 production has already been acquired. The only variation 
possible is the number of calf births for 1981. 
181 
To propose a total revision and redefinition of the beef cattle 
program of the National Development Plan, given the results of this re­
search and the set of circumstances cited above, would be unproductive. 
That proposition would have effect in 1983, if adopted. By then,a new 
Administration will have taken over the responsibilities of Government 
and its perception of the country's problems cannot be known at this time. 
Nevertheless, some aspects of that program are calling for some 
revisions if there is the will to reverse the downsloped trend in produc­
tion and total cattle stock. Cattle supply seems to be the target vari­
able of a new set of policies, which in turn have to be updated year by 
year. It is required to restrict the amount of cattle which is processed 
for consumption and exports, and cows are the type of cattle more specif­
ically targeted to accomplish such objective. Thus: 
1. It is recommended that the number of cows processed for 
consumption and exports be substantially reduced in 1981 below 
the level reported for 1980. Likewise, reduce the level of 
cows processed in 1982 below the level of 1980. According to 
this report's perceptions of the beef cattle industry's problems, 
with production increasing at 2.7 percent per year, the number 
of cows potentially available for processing would be 146,340 
in 1981 and 149,760 in 1982. These numbers could be increased 
if the growth rate for beef cattle production is reduced, as 
suggested before. 
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In view of the proposed reduction in the number of cows to be 
processed during 1981 and 1982, some adjustments would be required both 
in the level of meat consumption in the country and in the export goals 
for beef cattle. Consequently: 
2. It is recommended that consideration be given to those 
adjustments in the export goals and in the implied demand for 
meat, allowing for beef cattle imports for the first purpose, 
if economically convenient, and devising a retail price policy 
to restrict the domestic (country's) consumption of meat. These 
two goals, one explicit and the other implicit, ought to be con­
sidered at the same time in view of the fact that they are in 
conflict with each other in the proposals of the National 
Development Plan. 
This raseach identified four subsystems of the beef cattle activity 
which were in need of urgent improvement. These were; (1) feeding, 
(2) sanitation and health, (3) technical assistance, and (4) administra­
tive capacity of farmers. The marginal physical productivity of feeds 
actually bought, drops very sharply with increased production. Conse­
quently, it seems advisable to search for new sources of nutrients the 
cattle intake, possibly reallocating resources into improving production 
of forages such as fertilizing grass lands and conserving grass for the 
summer months, and at the same time, adopting a new grazing system— 
higher rotation and higher cattle loads. Likewise, improved animal 
health programs could contribute to increase beef cattle production and 
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farmers' income. Resources allocated into veterinary medicines and 
chemicals to control parasites have not yet reached efficiency (ÏIFC = 
MVP). It was also found that farmers are requiring assistance in the 
area of decision making (selecting the best production program) to im­
prove net incomes. Optimization of production programs proved that the 
activity levels selected by farmers did not correspond to the product 
mix which maximized incomes. Simplified versions of decision making 
rules in actual situations could contribute more to beef cattle produc­
tion than some of the policies selected in the National Development Plan. 
Finally, the concept of technical assistance to farmers ought to include 
the element of decision making rules in the technical assistance 
"package." Therefore: 
3. It is recommended that emphasis be given to the feeding and 
the sanitation and health subsystems of production, as means 
of increasing production by improving efficiency in allocation 
of resources into those subsystems. And: 
4. It is also recommended that the technical assistance personnel 
receive training in the area of decision making to make those 
services even more useful to farmers. 
Efficiency in the allocation of resources to the beef cattle 
industry could increase more if credit was also tied to at least two of 
those subsystems of production, also: (1) feeding and (2) sanitation 
and health. Furthermore, in dealing with these two subsystems the bank­
ing credit agencies and the Extension Service could develop cooperating 
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understandings which will contribute both to increase production and the 
effectiveness of their respective services. Thus, 
5. It is recommended that beef cattle loan contracts include 
specific covenants directed to improve the feeding and sanita­
tion and health subsystems of beef cattle production, tailored 
to the conditions and needs of each farm. And: 
6. It is recommended to secure the cooperation of the credit 
agencies and the Extension Service for the purposes of recommen­
dation (5) above. The findings of this research concerning the 
conditions for the feeding subsystem could be used as general 
guidelines in designing conditions and requirements for improve­
ments. 
Improvements in the efficiency of allocation of resources by some 
of the means mentioned above seems to be more effective in bringing about 
production increments than input price (cost) reduction or interest rate 
differentials policies. Thus: 
7. It is recommended that policies which reduce prices of inputs 
and established interest rate differentials be disregarded for 
not being effective in bringing about production increments, 
and as long as there are other more effective and economically 
feasible alternatives to secure the same objective. 
Finally, this research has developed and tested some analytical 
instruments which proved very useful in the assessment of the beef cat­
tle program of the National Development Plan. The linear programming 
model adapted quite well to the methodology designed to treat as a 
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single period production process the multi-stage multi-cycle production 
process which is characteristic of beef cattle. This multi-stage multi­
cycle production process could be combined in various ways to test a 
wide variety of policies and hypotheses related to those policies, 
wider than the variety of policies simulated for this research. Its use­
fulness could be greatly increased for policy testing if more 
statistically representative data were obtained and properly processed. 
The conclusions of policy testing under those conditions would approxi­
mate more the true reactions of the universe of farmers to the policies 
which would be proposed for implementation, recognizing fully a number 
of constraints to production not generally included in alternative pro­
cedures. 
On the other hand, the beef cattle inventory model performed well 
in pointing out trends and values for the various components of the cat­
tle inventory when the proper information was fed into it. This model 
contributed to clarifying and explaining the behavior observed in the 
supply of cattle and to detecting inconsistencies among targets, implicit 
and explicit, of the beef cattle program of the National Development 
Plan. The model tested beef cattle production projections derived from 
other estimating procedures. Notwithstanding it mechanistic character­
istics, the model could successfully be used as a tool belonging to the 
material balances tool box for programming in the beef cattle industry. 
Therefore: 
8. It is recommended that the linear programming model and the 
methodology developed to test policies in the beef cattle 
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industry be adopted by the Office of Planning and Economic 
Policy to design, simulate and test hypotheses related to that 
category of policies. 
Areas Where Research is Needed 
This research demonstrated the selection of instruments which make 
policies effective in fulfilling objectives, in addition to sound theo­
retical support, has to be supported also by soundly established relation­
ships between those instruments and the objective(s). For instance, of 
the nine subsystems of production in beef cattle, four were selected for 
policy actions for contributing potentially more to the producers' income 
and total production and(or) in anticipation of an endogenous constraint 
in the production process. IVhat benefits could be reaped from those 
policy actions are yet to be assessed. Their impact remains unknown 
although the steps are in the right direction. Neither of the policies 
recommended was among the tested policies. For the purposes pursued 
they did not seem to be needed. 
Policy decision making requires more investigation into those 
relationships which, when properly established, would make the selection 
and the target setting process efficient and effect the instrument in 
reaching the goal of the policy selected. It will also allow for a 
policy cost assessment when decisions such as subsidies or input costs 
are involved. 
The application of the model to a statistical representation of 
farms, whether individually or to the sample as a multi-unit within the 
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model, would offer the type of output required to evaluate the impact of 
policies on the universe of farms and also an insight into many other 
aspects of beef cattle farming not even sought for. For instance, price 
policies for outputs from the various stages of production could be 
derived from other simulations of policies with the model and for each 
one of those simulated policies. In addition to these advantages, the 
application of model would serve the purpose of testing policies decided 
for with other estimation methods, many of which are applied to highly 
aggregated data for the variables selected. 
If the Biblical admonition of looking at the fruit to know about 
the tree is followed here, research for policy decision making seems to 
be very needed for the beef cattle industry. An answer to the question 
of how will it be used is given by the model which was recommended. 
The type of research is, therefore, already defined. 
This research was not geared to offer an assessment of the Plan's 
proposal of fostering dual purpose cattle farming in the dry and wet low 
(elevation) lands of the country, Amon^ the five farm cases, there was 
one dual purpose farm which was used to test the hypothesis that cattle 
production from farms of this type was more sensitive to the policies 
tested than production from other types of beef cattle farming. No 
other differences were tested. However, there were many other differ­
ences which have to be apprehended for proper designing of policies. 
Such aspects as production technology, type and levels of investments 
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in capital goods and marketing of produced goods are some of those dif­
ferences. It seems that investigation is also required to learn more 
about the economics of dual purpose beef cattle farming for policy deci­
sions. Furthermore, it can be handled as a subcategory within the overall 
research for policy decision suggested above. 
In addition to research on the adaptability and requirements of 
various types of forages, usually undertaken by institutions of higher 
learning and experimental stations of the Ministry of Agriculture and 
Livestock, it became evident that another type of investigation was 
required to learn more about the relationship between production of 
grasses and production of beef cattle in actual situations. An attempt 
at assessing those relationships was reported in Chapter IV of this re­
search. From that attempt,it was learned that with no differences in 
attention to grasslands, fertilization and weed control and grasses, 
differences in cattle rotation among tracts and cattle loads made a 
difference in the amount of beef produced per unit of area. It is also 
evident that generalization of some of the "best" present practices 
about cattle rotation could do more for increasing production at a faster 
rate than waiting for the results of those researches with unguaranteed 
applicability to actual farming. Slight changes in the production tech­
niques may be more successful in bringing forth more production than 
substitution of production techniques. Farmers would be "working" with 
certain knoim qualities of the grasses to which a new quantity dimension 
would be added, with guaranteed production results. 
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Additional research on grazing systems and grass conservation could 
improve further the generalization of the "best" grazing systems presently 
used by farmers, which could be indentified with properly designed 
investigations and interviews with farmers. Assistance to farmers with 
regard to this subsystem of beef cattle production ought to be assessed 
both technically and economically. 
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APPENDIX A 
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An Estimation of Beef Cattle Production 
and Related Variables 
This appendix attempts to estimate future cattle production and 
other related variables by analyzing their relationships and past perform­
ances. These estimations are made with the aid of a cattle inventory 
model. It is developed from a definition given by the Bureau of Census 
to the Costa Rican inventory of cattle. The parameters of the model are 
either calculated directly from census information or obtained from reli­
able sources. These will be cited in the course of the development of 
the model. 
The model ; 
The cattle inventory model is developed from 
St - + Be + C; + ol + (A-l)l 
where is the inventory of all types of cattle; A° is the reproducing 
herd or inventory of cows; B^ is the inventory of calves; C^ is the inven­
tory of cattle ranging in age from 12 to 24 months; is the inventory 
of steers between 24 and 36 months old; and is the inventory of steers 
older than 36 months. 
Each of these stocks or inventories can also be represented as a 
function of the inventory of cows from which it originated. From instance, 
and E are in one category in census information, but the physical 
model facilitates their separation. 
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= m^A° (A-2) 
where is the calf/cow ratio for time (t) at the beginning of the year; 
^t ^2 (*t-l' ^1^ " ™t-l^t-l(^"^l) 
where r^ is the death rate for calves; 
dJ = ^l'^2^ ^ m^_2A°_2(l-r^)(l-r2)(l/2) (A-4) 
where r^ is the death rate for cattle over one year old and (1/2) is the 
probability of bull calf births; 
Ej. = f^(A°_2» r^,r2,p)(l/2) = m^_2A°_2(l-r^) (l-r2)^(l-P|._j^) (1/2) 
(A-5) 
where p is the proportion of steers of this group sold in the year t-1. 
All other variables in equations A-2 through A-5 are as defined previously. 
Then equation A-1 becomes; 
St = A° + m^A° + tnt_iA°_^(l-r^) + mt_2A°_2(l-r^) (1^2) (1/2) 
o 2 (A-la) 
+ mt_3A°_3(l-r^)(1-^2)^(1/2)(l-p^.^). 
It is to be noted that in estimating the inventory of cattle with 
the aid of equation A-la there are four stocks of reproducing herds in­
volved, from (t) to (t-3). 
The information available about the reproducing herds corresponds 
to two points in time—the 1963 and 1973 census. Then, in order to make 
estimations on the inventory of cattle and production, it is: necessary 
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to estimate first the stock of cows corresponding to the years between 
1963 and 1973. That estimation was derived by using the growth rate for 
the stock of cows as may be calculated from that data. Therefore: 
A° = A°_^(l + i) (A-6) 
where i is the growth rate of the stock of cows. 
It becomes evident that equation A-la may be expressed as a function 
of the stock of cows in time (t-3), if each stock of cows can be expressed 
as in equation A-6 above. Consequently, equation A-la may be written as 
follows: 
(A-lb) 
+ l/2(l-p^_^)(k^_^m^_2W2), where 
k^_^ = (1 + i)^; k^_2 = (1 + i)^; k^_2 = (1 + i); and 
kj._^ = (1 + i)° (A-7) 
w^ = (l-r^)°; Wj, = (1-r^); w^ = (1-r^) (l-r2) ; and 
Wg = (1-r^)(l-r2)^. (A-8) 
Equation A-lb expresses that if there is information available 
concerning the stock of cows in time (t), it is possible to calculate 
the inventory of cattle in time (t+3). Equations A-la and A-lb can both 
be used for predicting purposes. 
The Bureau of Census in Costa Rica has adopted the convention that 
the stock of cows comprises heifers and cows over two years of age, and 
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these stocks were used to estimate the calf/cow ratios. Therefore, 
heifers which at the beginning of a year were in ages ranging from 12 to 
24 months, will be considered cows by definition at the end of the year. 
Consequently, 1/2C^ of equation A-1 is used to: (a) replace culling cows, 
(b) substitute for dead cows, (c) allow for increases in the reproducing 
stock, and (d) exports. Not all 1/2C^, however, was available for the 
uses as cited, as it was necessary to account for the death rate of those 
"adult" cattle. 
To estimate the number of cows and heifers which could be devoted 
to exports and(or) to the local market, the amount required for uses (b) 
and (c) was calculated first. Then, we define 
= A°(i + r^)y and (A-9) 
4* ' - 4 (A-10) 
Next, it is necessary to estimate the number of slaughter steers 
which could become available for marketing. It becomes evident that only 
a part or proportion of of equation A-1 could be considered as such, 
as only that proportion (p) could reach such marketable age [14, 89]. 
The value of p depends on farmers' marketing practices. As the market­
ing age of steers is reduced, the value of p increases. More of is 
sold during time (t). Category of inventory is composed of slaughter 
steers. Consequently, 
= D^CWg/w^ïCp) + E^(w,/w^) (A-11) 
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We further define 
H* = A^ * + EJA (A-12) 
as the potential number of cattle which can be disposed of during year 
(t). This value could also be called either the potential take out or 
supply of cattle, and 
H = A^  + (A-13) 
as the actual number of cattle either processed or exported live, 
classified as before. 
We also define 
Y* = H* + - S^ ] (A-14) 
as the potential production projected for year (t). 
The reader is warned that this cattle inventory model was not tested 
by fitting it to time series data. It was not possible to undertake an 
effort of this nature, due to the information available and its reliability. 
For that reason, the model uses very little data and contains very few 
parameters. 
The parameters and assumptions : 
There are six parameters in the physical model; (m) the calf/cow 
ratio, (i) the rate of growth of the reproducing herd, (r^ ) the death 
rate for calves, (r^ ) the death rate for adult cattle, (0.5) the proba­
bility of bull calf births, and (p) the proportion of steers from dJ 
sold during time (t). 
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The values for these parameters are are follows; 
(m) is 0.6307 in 1963 and 0.6323 in 1973 [29, 30]. The values for 
the years between the two extreme years were estimated in accordance with 
the calculated growth rate. Then the ratio was maintained constant from 
1973 until 1982. 
(i) is 5.595 percent per year until 1974 [29, 30]. Beginning in 
1975 the inventory of cows was adjusted in accordance with market statis­
tics [27, 28]. 
(r^ ) is seven percent and ir^ ) is five percent [73]. 
(p) will vary in accordance with the average age of slaughter steers 
processed for exports [24], which was inferred from studies of the growth 
pattern for this type of cattle [14, 89]. The initial average age for • » 
2 
steers was assumed to be 48 months for 1963. By 1978, such age was re­
duced to 36 months in accordance with those studies. 
The projections; 
The estimations are summarized in Table Al. The cattle inventory for 
1963, and the inventory of cows for 197^  were the only data not generated 
by the cattle inventory model but entered into that table. 
These estimations allowed for several observations concerning the 
relationships among the variables of the model (Figures Al and A2); 
I. As long as the inventory of cows is increasing, both total 
inventory and production of cattle increase. Total supply of 
cattle increases, too, but the absolute values of supply are 
2 Private communication. Division of Livestock, National Council of 
Production. 
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below the absolute values of cattle production. The difference 
between production and supply of cattle is the total inventory 
change or net investment in beef cattle. Then, it is positive. 
II. When the groxfth rate of the inventory of cattle is substantially 
reduced from any positive value to zero or to a negative value, 
the supply of cattle shows an abrupt positive change. Total 
production and total inventory of cattle are both reduced. Then, 
cattle supply may become larger than cattle production. It 
follows that total inventory change is negative or that there 
is disinvestment in beef cattle. Consequently, if there is an 
abrupt positive change in the supply of cattle, there is a reduc­
tion in the stock of cows and a reduction in both total inven­
tory and total production of cattle. 
III. If the stock of cows continues to be reduced or if its level is 
maintained at a reduced level, supply of cattle will be main­
tained at a high level for some time. 
IV. Abrupt changes in the supply of cattle precedes in one year 
changes in the stock of cows and in two years the reduction in 
total inventory of cattle. 
V. Changes in marketing age of slaughter steers will affect 
production and supply of beef cattle in the same direction. A 
reduction in age implies both an increment in production and in 
supply of beef cattle. 
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Validation of projections; 
The value of the projections and the usefulness of the observations 
made depend upon the predictive power of the cattle inventory model 
developed. 
In accordance with the information of the 1973 census, the total 
inventory of cattle for that year was 1,693,900. The model projected 
1,696,480. The difference between census data and the model's projections 
was 2,580 cattle or 0.15 percent of the value reported by the Bureau of 
Census [30]. 
This outcome seems to validate the projections of the model and 
confirm its predictive power. 
Projections 1979-82; Two Hypotheses 
The National Development Plan 1979-82 "Gregorio Josfe Ramirez" sets 
a production goal to the beef cattle industry which was presented both 
as a growth rate, 2.7 percent per year, and in physical terms, 91,600 
metric tons of beef, dressed carcass equivalent. In view of the valida­
tion of the physical model, total inventory of cattle and related vari­
ables were projected for 1978, the base year for Government's projections 
in the plan. 
From Table A2, it was learned that production grows at a faster rate 
than the rate of growth from the reproducing herd. Then the reproducing 
herd is estimated to grow at 2.4 percent per year for production to grow 
at 2.7 percent. This is Hypothesis A. To produce 91,600 metric tons 
of meat in 1982, the stock of cows ought to grow at a yearly rate of 6.95 
percent. This is Hypothesis B (Table A3). 
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The following are observations allowed by these new projections: 
VI. Whichever the hypothesis, the supply of slaughter steers 
remains the same until 1981. This means that such components 
of the supply of cattle is predetermined by the inventory of 
the various types of cattle in 1978. 
VII. For production to grow it is necessary for the inventory of 
cows to grow. This implies that the supply of cull cows and 
heifers is sensibly reduced, reducing the total supply of cattle. 
The higher the rate of growth for the reproducing herd, the 
more severe the reduction in the total supply of cattle. 
VIII. This severity in the reduction of the supply of cattle is due 
to large liquidations of cows and heifers, which began in 1975 
and continued throughout 1978. 
IX. Total inventory of cattle increases with anticipation to the 
increase in the reproducing herd. This increase in the total 
inventory precedes in one year the increase in the cow herd. 
Projections Adjusting Supply of Cows to 
Actual Supply of Cows—1963 to 1978 
An experiment was conducted with the aid of the beef cattle 
inventory model, assuming the potential supply of cows and heifers equal 
to their actual supply [27, 28]. These projections are contained in 
Table A4. The total supply of cattle projected would exceed the actual 
supply of cattle, and the total inventory of cattle in 1978 would reach 
3.7 million head. 
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The inventory of cattle in 1973, a census year, exceeds census 
information in 686,800 head—a figure 40.5 percent larger than the true 
figure. The conclusion is that cows available for growth of the repro­
ducing herd were not devoted to such a purpose but to some other. 
Table Al. Beef cattle inventory by types of cattle as projected by the beef cattle inventory— 
historical trend 1963-1978 (000 head) 
Year Cattle Inventory (000 head) Production (000 head) 
D Steers, Bulls, 
Oxen 
Cows, 
Heifers 
Ain Total 
1963 385.70 243.26 242.30 119.84 60. 00 1,051.10 85.46 74.23 38. 99 198.68 
1964 407.28 256.91 226.23 115.09 85. 39 1,090.90 108.45 64.31 38. 89 211.68 
1965 430.07 271.33 238.93 107.46 82. 00 1,129.79 103.42 67.93 53. 29 224.64 
1966 454.13 286.56 252.34 113.49 76. 56 1,183.08 99.68 71.74 66. 32 237.74 
1967 479.54 302.64 266.50 119.86 80. 86 1,249.40 105.28 75.80 70. 09 251.17 
1968 506.37 319.67 281.46 126.59 85. 40 1,319.49 126.23 80.74 59. 01 265.98 
1969 534.70 337.66 297.39 133.69 75. 16 1,378.05 134.90 84.56 61. 97 281.43 
1970 564.62 356.67 314.02 141.21 63. 50 1,440.02 128.98 89.33 80. 5 307.64 
1971 596.20 376.74 331.70 149.16 57. 07 1,520.87 136.24 94.39 85. 41 316.04 
1972 629.56 397.94 350.37 157.56 70. 85 1,606.28 143.92 99.72 90. 20 333.84 
1973 664.79 420.35 370.08 166.42 74. 84 1,696.48 152.02 105.35 91. 45 348.82 
1974 701.99 443.87 390.93 172.09 79. 05 1,797.93 158.82 111.32 102. 28 372.42 
1975 741.27 468.71 412.90 185.69 81. 74 1,890.21 182.60 154.60 25. 81 362.51 
1976 741.27 468.71 435.93 196.08 73. 50 1,915.52 195.85 200.54 -50. 31 346.08 
1977 710.73 449.39 435.93 207.07 62. 09 1,865.21 191.68 198.00 -29. 22 360.46 
1978 701.73 443.70 417.93 207.07 65. 56 1,835.99 195.07 163.43 -13. 84 344.66 
1979 701.73 443.70 412.64 198.52 65. 56 1,822.60 189.65 
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Table A2. Growth rates of the variables of the beef cattle inventory 
model as derived from projections, 1963-1978 
Reproducing Total Total Inventory Production 
Year Herd Inventory Supply Change* 
(A°) (St) St - Sf-i 
1963 5.595 3.79 -7.56 -0.26 6.52 
1964 5.595 3.56 -0.81 37.02 6.14 
1965 5.595 4.71 -0.04 24.45 5.83 
1966 5.595 5.60 5.63 5.68 5.65 
1967 5.595 5.61 14.30 -15.81 5.90 
1968 5.595 4.43 6.03 5.02 5.81 
1969 5.595 4.50 -0.52 30.47 9.31 
1970 5.595 5.61 5.64 5.64 2.73 
1971 5.595 5.62 5.64 5.61 7.08 
1972 5.595 5.62 5.64 1.39 4.49 
1973 5.595 5.39 4.96 11.84 6.77 
1974 5.595 5.72 24.82 -75.25 -2.68 
1975 0.000 1.34 17.56 -298.78 -4.53 
1976 
-4.120 -2.62 -1.69 41.92 4.15 
1977 
-1.280 -1.57 —8.00 52.63 -4.38 
1978 0.000 -0.75 
T^imes 100. 
Table 
Year 
1978 
1979 
1980 
1981 
1982 
1983 
1978 
1979 
1980 
1981 
1982 
1983 
Beef cattle inventory by types of cattle for Hypotheses A and B, 1979-1982 
Cattle Inventory (OOP head) Cattle Production (OOP head) 
< Bt Ct St Steers, Bulls, 
Oxen 
Cows, 
Heifers 
A In Total 
Hypothesis A 
701.73 443. 70 417. 93 207.07 65.56 1,035. 99 195.07 163.43 -13.84 344.66 
701.73 443. 70 412. 64 198.52 65.56 1,822. 15 189.65 144.07 22.27 355.99 
718.57 454. 35 412. 64 196.PP 62.86 1,844. 42 185.42 142.83 37.4P 365.65 
735.80 465. 24 422. 71 196.PP 62.07 1,881. 82 184.65 146.34 43.26 374.25 
753.48 476. 43 432. 67 200.53 62.07 1,925. 18 187.52 149.76 46.34 383.62 
771.56 487. 86 443. 08 205.52 64.50 1,971. 52 
Hypothesis B 
701.73 443. 70 417. 93 207.07 65.56 1,835. 99 195.07 163.43 -13.84 344.66 
7P1.73 443. 70 412. 64 198.52 65.56 1,822. 15 189.65 115.30 74.39 379.34 
75P.50 474. 54 412. 64 196.00 62.86 1,896. 54 185.41 106.32 113.P2 404.75 
802.66 507. 52 441. 32 196.00 62.06 2,009. 56 184.65 113.71 135.35 433.71 
858.44 542. 79 471. 99 209.63 62.06 2,144. 91 193.27 121.61 149.09 463.97 
918.11 580. 52 504. 79 224.20 66.38 2,294. 00 2P6.71 
Table A4. Beef cattle inventory by types of cattle, adjusting the number of cull cows to be 
observed statistical data, 1963-1978 
Cattle Inventory (OOP head) Cattle Production (OOP head) 
Year o 1 Steers, Cows, & In Total 
t^ t^ Bulls, Heifers 
Oxen 
1963 385.7P 243. 26 242. 30 119.84 60.00 1,051.10 85.46 50.94 77. 77 214. 17 
1964 43P.57 271. 60 226. 23 115.09 85.38 1,128.87 108.45 54.12 67. 28 229. 85 
1965 462.38 291. 72 252. 59 107.46 82.00 1,196.15 103.42 56.49 91. 67 251. 58 
1966 502.75 317. 23 271. 30 119.98 76.56 1,287.82 101.22 67.34 101. 58 270. 14 
1967 539.14 34P. 25 295. 67 128.86 85.48 1,389.40 127.11 71.44 107. 38 306. 35 
1968 581.19 366. 90 316. 44 140.44 91.81 1,496.78 137.25 65.15 117. 86 320. 26 
1969 637.29 4P2. 44 341. 22 150.31 83.38 1,614.64 150.60 61.19 145. 60 357. 39 
197P 706.31 446. 18 374. 27 162.08 71.40 1,760.24 144.82 67.70 183. 96 396. 57 
1971 78P.98 493. 50 414. 95 177.78 76.99 1,944.20 157.59 73.74 208. 54 439. 87 
1972 865.29 546. 95 458. 96 197.10 84.44 2,152.74 173.83 84.07 227. 96 485. 86 
1973 955.96 604. 45 508. 66 218.01 93.62 2,380.70 192.49 84.01 266. 25 542. 72 
1974 1 ,P65.76 673. 88 562. 14 241.61 103.56 2,646.95 213.15 70.03 335. 74 618. 92 
1975 1 ,209.46 764. 74 626. 71 267.02 114.76 2,982.69 259.86 150.86 247. 06 657. 78 
1976 1 ,295.81 819. 34 711. 21 297.69 105.70 3,229.75 291.60 200.58 197. 73 689. 91 
1977 1 ,368.26 865. 15 761. 99 337.82 94.26 3,427.48 306.86 197,38 236. 39 740. 63 
1978 1 ,464.41 925. 95 804, 59 361.94 106.98 3,663.87 333.54 171.68 308. 48 813. 70 
1979 1 ,601.69 1,012, ,74 861. ,13 382.18 114.61 3,972.35 169.00 
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Table Bl. Real value^  (in thousand U.S. dollars) of beef cattle production, 
live weight (M.T.) equivalent and total cattle, 1963-1978^  
National Accounts Statistics 
Year Dollars Live Weight Head 
(000) (M.T.) 
1963 33,897 74,653 191,53 
1964 35,428 78,024 199,20 
1965 35,676 78,572 206,05 
1966 36,621 80,852 216,57 
1967 39,657 87,338 230,79 
1968 42,736 94,120 244,58 
1969 53,820 118,531 318,96 
1970 50,417 111,037 280,04 
1971 52,272 116,090 291,57 
1972 52,527 115,705 301,25 
1973 52,856 116,408 312,55 
1974 57,999 127,737 325,72 
1975 58,170 128,112 339,49 
1976 56,756 124,998 340,34 
1977 60,909 134,144 341,43 
1978 61,479 135,398 341,38 
G^DP = Gross Domestic Product. 
S^OURCE: [8, 11]. 
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Table B2. Average weight of cattle by types, for exports and for 
domestic consumption, 1963-1978^  
Average Weight (kg) Per Cattle Head 
Year Steers Domestic Consumption GNP 
for Steers, bulls Cows Average Studies 
Export oxen weight 
1963 471 441.3 349.1 417.39 390.0 
1964 461 446.1 341.2 415.82 392.0 
1965 476 449.4 345.3 414.25 381.0 
1966 486 442.5 344.1 407.39 372.0 
1967 486 439.4 341.3 411.00 378.4 
1968 466 448.2 348.3 421.00 384.8 
1969 461 454.2 353.3 426.00 371.6 
1970 463 435.2 355.4 421.00 396.5 
1971 459 440.0 352.3 419.70 398.2 
1972 453 440.3 354.2 416.80 384.1 
1973 457 432.4 351.7 413.80 372.5 
1974 459 444.4 354.6 427.50 392.2 
1975 438 403». 4 343.0 393.30 377.4 
1976 427 410.4 324.5 374.45 367.3 
1977 435 380.1 323.9 376.24 392.9 
1978 432 404.9 328.7 385.50 396.6 
S^OURCE: [o, 10, 24, 25, 27, 28]. 
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Table B3. Production and supply of cattle, GNP and Census Bureau data, 
1963-1978'" 
Cattle Cattle Supplied 
Year Production National Bureau of 
(Nat. Acc.) Accounts Census 
(000 head) (000 head) 
1963 191.53 149.39 149.39 
1964 199.20 162.55 162.05 
1965 206.05 148.06 146.97 
1966 216.57 138.77 138.77 
1967 230.79 158.20 158.05 
1968 244.58 189.74 189.74 
1969 316.96 198.66 198.66 
1970 280.04 207.58 207.58 
1971 291.57 229.94 229.94 
1972 301.25 241.16 246.96 
1973 312.55 233.66 233.65 
1974 325.72 246.86 246.85 
1975 339.49 315.94 341.53 
1976 330.34 336.42 399.62 
1977 341.43 345.22 405.66 
1978 341.48 341.79 406.48 
"SOURCE; [8, 10, 27, 28]. 
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Table B4. Beef cattle production, GNP and beef cattle inventory model 
projections, 1963-1978^  
Cattle Production Difference 
Year Reported Projected Absolute Relative 
(Nat. Acc.) (percent) 
(000 head) 
1963 191.53 198.68 (7.15) (3.73) 
1964 199.20 211.65 (12.45) (6.25) 
1965 206.05 224.64 (18.14) (8.80) 
1966 216.57 237.74 (21.17) (9.77) 
1967 230.79 251.17 (20.38) (8.83) 
1968 244.58 265.98 (21.40) (8.75) 
1969 318.96 281.43 37.53 11.77 
1970 280.04 307.64 (27.60) (9.85) 
1971 291.57 316.04 (24.47) (8.39) 
1972 301.25 333.84 (32.59) (10.82) 
1973 312.55 348.82 (36.72) (11.60) 
1974 325.72 372.42 (46.70) (14.34) 
1975 339.49 362.51 (23.02) (6.78) 
1976 340.34 346.08 (5.74) (1.69) 
1977 341.43 360.66 (19.03) (5.57) 
1978 341.38 344.66 (3.22) (0.94) 
S^OURCE: [S, 10, Table Al]. 
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Table B5. Beef cattle production in live weight equivalent, GNP and beef 
cattle inventory model projections, 1963-1978^  
Year Production Live Weight (M.T.) 
National Accounts Model Projections 
1963 74,653 80,366.0 
1964 78,024 87,099.6 
1965 78,572 92,753.6 
1966 80,652 98,803.5 
1967 87,338 104,327.1 
1968 94,120 110,603.5 
1969 118,531 117,539.0 
1970 111,037 123,538.4 
1971 116,090 129,835.4 
1972 115,705 137,088.7 
1973 116,408 142,890.1 
1974 127,734 154,342.9 
1975 128,112 142,030.0 
1976 124,998 129,453.5 
1977 134,144 134,829.4 
1978 135,398 131,666.7 
S^OURCE: [8, 10, 24, 25, Tables A1 and B2]. 
222 
Table B6. Real value^  added (in thousand U.S. dollars) of cattle 
production, GNP and beef cattle inventory model estimations, 
1963-1978% 
Year 
Real Value (in thousand U.S. dollars) 
National Accounts Model Projections 
1963 33,897 36,491 
1964 35,428 39,548 
1965 35,676 42,116 
1966 36,621 44,863 
1967 39,657 47,371 
1968 427,36 50,221 
1969 538,20 53,370 
1970 50,417 56,094 
1971 527,12 58,953 
1972 52,537 62,246 
1973 52,856 64,881 
1974 57,999 70,081 
1975 58,170 64,490 
1976 56,756 58,780 
1977 60,909 61,220 
1978 61,479 59,784 
I^n 1976 prices paid to farmers. 
'^ SOURCE: [8, 10, Table Al]. 
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Table B7. Beef cattle inventory changes, GNP and beef cattle inventory 
model estimations, 1963-1978^  
Inventory Changes Inventory Changes Live Weight 
Year National Model National Model 
Accounts Projections Accounts Projections 
(000 head) (000 M.T.) 
1963 42.14 38.99 12.64 15.77 
1964 36.65 38.89 10.99 16.00 
1965 58.00 53.39 17.40 22.00 
1966 77.81 66.32 23.34 27.56 
1967 72.57 70.09 21.77 29.11 
1968 54.83 59.01 16.45 24.54 
1969 120.25 61.97 36.09 25.82 
1970 72.46 80.85 21.74 33.39 
1971 61.63 85.41 18.49 32.09 
1972 60.09 90.20 18.03 37.04 
1973 78.89 91.45 23.67 37.46 
1974 78.86 102.28 23.66 42.39 
1975 23.55 25.31 8.34 9.92 
1976 3.93 -50.31 1.19 -18.82 
1977 -0.32 -29.22 -0.11 -10.93 
197S 2.59 -13.84 0.88 -5.29 
S^OURCE; [8, 10, Table Al]. 
Table B8. Beef cattle production and supply projections, 1978-1982^  
Hypothesis Hypothesis B^  
Year Production Supply Production Supply 
Total Steers Cows Total Steers Cows 
(000 head) (000 head) 
1978 344.66 358.50 195.07 163.43 344.66 353.50 195.07 163.43 
1979 355.99 333.72 189.65 144.07 379.34 304.95 189.65 115.30 
1980 365.65 328.28 185.45 142.83 404.75 291.73 185.41 106.32 
1981 374.25 330.99 184.65 146.34 433.71 298.36 184.65 113.71 
1982 383.62 337.28 187.52 149.76 463.97 314.88 193.27 121.61 
G^OîjRCE: [Table A3]. 
2^.7 percent per year. 
*^ 7.8 percent per year. 
Table B9. Agricultural land use (in thousand hectares) for census years 1950, 1955, 1963 and 1973® 
1950 1955 1963 1973 
Farmland in Hectares Percent Hectares Percent Hectares Percent Hectares Percent 
Costa Rica 1,812.7 100.0 1,852.0 100.0 2,668.1 100.0 3,122,5 100.0 
Annual crops 217.7 12.0 281.6 15.2 387.5 14.5 283.3 9.1 
Perennial crops 132.4 7.3 155.4 8.4 200.5 7.5 207.2 6.6 
Pastureland 630.8 34.8 722.7 39.0 957.7 35.9 1,558.1 49.9 
Forestland 790.5 43.6 676.8 36.5 1,097.1 41.1 1,000.1 32.0 
Other land 41.3 2.3 15.5 0.8 25.3 1.0 73.8 2.4 
S^OURCE: [29, 30]. 
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Table BIO. Total land use (in thousand hectares) as estimated in 
1973 and potential agricultural land& 
Land Use Land 
Actual Potential Availability 
(000 hectares) 
Agriculture 490.5 834.5 364.QC 
Pastureland 1,558.0 1,310.0 -248.OC 
Forestland 1,000.1 1,542.3 542.2^  
Other land 73.8 ——— -73.8^  
Flooded land 351.8 351.8 —— 
National parks 1,077.3 1,077.3 —— 
Total land 4,551.5 5,135.9 584.4^  
S^OURCE: [29, 30, 52] . 
A^nnual and perennial crops. 
'^ Lands in urban areas. highways and other, not deducted. 
Table Bll. Exports of boned 
and live cattle. 
meat (in thousand U.S. dollars 
1978* 
and M.T.) 
Detail 
Value in 
U.S. Dollars 
Weight^  Average Weight 
Boned Meat for 
Exports^  
Number of 
Head 
(000) (M.T.) (kg) (000) 
Meat exports 60,339 34,493.6 182.61 188.89 
Live exports 1,105 1,189.1 — — —  3.00 
Total 61,444 — — —  191.89 
S^OURCE: [25, 27, 28]. 
N^et of meat imports. 
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Table B12. Beef cattle supply and its distribution between exports and 
domestic consumption—a projection, 1978-1982® 
Beef Cattle Supply 
Detail 1978 1982 
Hypothesis A Hypothesis B 
(000 head) 
Effective 406.48 — — 
— —  
Projected (model) 358.50 337.28 314.88 
Plan's goals 406.48 485.87 485.87 
Exports 191.90 230.08 230.08 
Local consumption 214.58 255.79 255.79 
Difference -47.98 -148.06 -170.99 
S^OURCE: [27, 28, 52, Table A2]. 
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Table B13. Cattle supply in dressed carcass equivalent. Census Bureau 
data and National Development Plan's estimations, 1978^  
Details Unit Values for 1978 
(equivalent) 
I. Meat production goal for 1982 = 
91,600 M.T. M.T. 82.34b 
Beef and cattle exports head 406.48 
Yield per head kg 202.62 
Average live weight per head kg 396.62 
Relative dressed carcass yield percent 51.10 
II. Average weight per head from 
market statistics kg 385.50 
Yield per head kg 198.52 
Relative yield percent 51.50 
Total meat production M.T. 80.68 
III. Differences 
Meat production M.T. 1.66 
Average live weight head kg 11.12 
Average yield per head kg 4.10 
Relative yield percent -0.40 
S^OURCE: [10, 25, 27, 28, 52]. 
9^1,600; (1,027)4 = 82.341 
Table B14. Supply of slaughter steers and cull cows, actual and projected by the beef cattle 
inventory model, 1963-1978^  
Actual Supply of Cattle^  (OOP head) Projected Supply (OOP head) Difference 
Year Total Live Processed Total Steers Cows (a - b) 
(a) Exports Subtotal Steers Cows (b) 
1963 149.39 5.41 143.93 93.04 50.94 159.69 85.46 74.23 -10.03 
1964 162.05 14.37 148.18 93.56 54.12 172.76 108.45 64.31 010.71 
1965 146.97 13.02 133.95 77.46 56.49 171.35 103.42 67.93 -24.38 
1966 138.77 10.08 128.69 61.35 67.34 171.42 99.68 71.74 -32.65 
1967 158.P5 6.26 151.79 80.35 71.44 181.08 105.28 75.80 -23.03 
1968 189.74 3.44 186.30 121.15 65.15 206.97 126.23 80.74 -17.23 
1969 198.66 0.75 197.91 126.72 61.19 219.46 134.90 84.56 -20.80 
197P 207.58 0.33 207.25 139.46 67.79 218.31 128.98 89.33 -10.73 
1971 229.94 0.88 229.06 155.32 73.74 230.63 136.24 94.39 -P. 69 
1972 246.96 14.51 232.45 148.38 84.07 243.64 143.92 99.72 3.32 
1973 233.65 8.75 224.90 140.89 84.01 257.37 152.02 105.35 -23.72 
1974 246.85 0.27 246.58 176.82 69.76 270.14 158.82 111.32 -23.29 
1975 341.54 25.58 315.96 190.68 125.28 337.20 182.60 154.60 4.34 
1976 399.62 16.98 382.64 199.04 183.60 396.39 195.85 200.54 3.23 
1977 4P5.66 24.32 381.34 208.28 173.06 389.68 191.68 198.00 15.98 
1978 406.48 3.00 403.48 234.90 168.58 358.50 195.07 163.43 47.98 
S^OURCE: [27, ]8, Table Al]. 
'^ Presumed from market statistics. 
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Table B15. Supply of slaughter steers and cull cows, actual and 
projected by the beef cattle inventory model—a comparison 
by types of cattle, 1963-1978^  
Steers Cows 
Year Actual Estimated Actual Estimated 
(000 head) 
1963 98, .45 85, .46 50, .94 74, .23 
1964 107, .93 108 .45 54, .12 64 .31 
1965 90, .48 103, .42 56, .49 67, .93 
1966 71, .43 99, .68 67, .34 71, .74 
1967 86, .61 105. 28 71. 44 75, .80 
1968 124. 59 126. 23 65. ,15 80. 74 
1969 137. ,47 134. 90 61. ,19 84. 56 
1970 139. ,79 128. 98 67. 79 89. 33 
1971 156. ,20 136. ,24 73. ,74 94. ,39 
1972 162. ,89 143. ,92 84. ,07 99. ,72 
1973 149. ,64 152. ,02 84. ,01 105. ,35 
1974 176. 82 158. ,82 70. 03 111. ,32 
1975 190. 68 182. ,60 150. ,86 154. ,60 
1976 199. 04 195. 85 200. 58 200. 54 
1977 208. 28 191. 68 197. 38 198. 00. 
1978 234. 90 195. 07 171. 58 163. 43^  
S^OURCE: [27, 28, Table Al]. 
A^ssuming zero growth rate for the reproducing herd for 1979. 
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Table B16. Prices for exported boned meat, for live cattle and milk, 
cost index for inputs and labor, and total beef cattle credit, 
1963-1978* 
Prices per M.T. Prices Indices Credit Beef 
Year Meat Live for Labor Input Cattle 
Exports Cattle Milk cost cost 
(U.S. dollars) (million U.S. 
dollars) 
1963 711 224 126 100 97.9 
1964 687 243 132 100 99.5 — — — 
1965 692 264 136 119 98.1 
1966 768 283 136 119 100.0 
1967 826 296 129 119 101.8 15.0 
1968 819 340 131 119 104.9 17.0 
1969 896 372 133 131 108.1 23.0 
1970 1,029 413 142 131 115.1 25.0 
1971 1,103 409 160 146 114.3 41.0 
1972 1,217 446 158 146 126.1 41.0 
1973 1,594 558 152 170 147.3 59.0 
1974 1,210 502 198 238 217.0 62.0 
1975 1,076 506 248 256 228.9 53.0 
1976 1,336 526 248 292 242.5 64.0 
1977 1,381 559 391 328 283.6 
1978 1,748 669 408 365 303.2 ——— 
S^OURCE: [3, 10, 27, 28, 531. 
P^rice is per 1,000 liters of milk. 
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Table Cl. Some beef, cattle farm characteristics by macro-bioclimatic 
regionsf' 1973 
Detail Number Farmland in (OOP) Hectares 
of Total Pastures 
Farms 
Costa Rica 
I. Very Good and 
Good for Beef^  
II. Good for Milk 
III. Regular for 
Beef and Milk 
IV. Bad for Both 
Beef and Milk 
43,699 2,630.8 
16,445 1,124.2 
1,813 91.7 
7,077 223.0 
18,364 1,191.8 
1,486.9 
704.4 
49.4 
100.6 
632.4 
S^OURCE: [30]. 
C^omputation done from the tapes of 1973 Census, upon request of 
the author. 
V^ery good areas for beef are good for milk, also. 
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Cattle Farms Average Size Head Reproduction 
Inventory Individually Farm (He) Cattle Ratio 
(000 head) Owned per He 
1,693.8 40,587 60.20 1.14 .632 
790.5 
50.8 
15,243 
1,631 
68.36 
50.58 
1.12 
1.03 
.608 
.420 
104.5 
748.1 
6,635 
17,078 
31.51 
64.9 
1.04 
1.18 
.590 
.659 
Table Cl. (continued) 
Detail 
Farmland in (OOP) Hectares 
Annual 
Crops 
Permanent 
Crops 
Forest and 
Other crops 
Source of Power 
Human Mechanic 
Only (# farms) 
(# farms) 
Costa Rica 205.2 93.6 849.1 
I. Very Good and 
Good for Beef 81.1 29.1 313.5 
II. Good for Milk 3.1 3.5 35.7 
III. Regular for 
Beef and Milk 12.3 21.7 88.5 
IV. Bad for Both 
Beef and Milk 108.8 39.4 411.3 
35,604 1,032 
12,748 
1,490 
6,135 
15,231 
502 
68 
139 
323 
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Source of Power 
Animal Animal and 
(# farms) Mechanic 
(# farms) 
Does Not Use 
Electricity 
Production of Milk (liters) 
Day Before Per 
Interview Cow 
(000) 
2,843 4,220 41,476 591.53 0.89 
1,009 
105 
2,186 
150 
15,384 
1,647 
206.83 
139.46 
0.67 
8.41 
283 520 
1,446 1,364 
6,512 
17,933 
110.44 
134.80 
2.41 
0.47 
Table C2. Agricultural land use (in thousand hectares) by farm sizes, in all farms and in beef 
cattle farms, 1973^  
Land Use and Number 
of Farms 
Farm Size in (000) Hectares Total 0-5 5-20 20-200 200+ 
Total number of farms 39. 807.0 17,872.0 21,159.0 2,724.0 81,562.0 
Cattle farms^  12, 098.0 12,043.0 17,178.0 2,380.0 43,699.0 
Percent of total 30.4 67.4 81.2 87.4 53.6 
Farmland 59.0 187.6 1,175.4 1,700.5 3,122.5 
Cattle farms^  23.7 131.0 988.4 1,487.7 2,630.8 
Percent of total 40.2 69.8 84.1 87.5 84.3 
Annual croplands 16.5 36.6 144.8 85.4 283.3 
In cattle farms^  5.5 22.3 110.2 67.2 205.2 
Percent of total 33.3 60.9 76.1 78.8 72.4 
Perennial croplands 24.2 37.8 63.0 82.1 207.1 
In cattle farms^  6.8 19.4 36.9 30.5 93.6 
Percent of total 28.0 51.3 58.6 37.1 45.2 
Pasturelands 13.5 80.6 600.1 863.9 1,558.1 
In cattle farms^  10.0 70.9 569.5 832.4 1,482.8 
Percent of total 74.1 88.0 94.9 96.4 95.2 
Forestland and other 4.7 32.7 367.5 669.0 1,073.9 
In cattle farms 1.4 18.3 271.8 557.6 849.1 
Percent of total 29.8 56.0 74.0 83.3 79.1 
S^OURCE: [30]. 
S^pecial tabulation made by the Bureau of Census, upon request from the author. 
Table C3. Some beef cattle farm characteristics in bioclimatic region I, 
1 9 7 3 * ' G  
Detail Number Farmland in (OOP) He 
of Total Pastures 
Farms 
I. Very Good and Good 16,445 1,124.2 704.4 
Subregions 
I-l-A Very Good 375 31.1 17.3 
I-l-B Very Good 2,308 44.6 30.2 
I—1—C Very Good 1 — —— 
I-2-A Good 4,659 646.3 441.2 
I-2-B Good 5,040 260.1 139.3 
I-2-C Good 1,730 40.2 25.1 
I-2-D Good 2,332 101.9 47.2 
S^OURCE: [31]. 
T^abulation done from the types of 1973 census data, upon request 
by the author. 
e^ss than 100 head. 
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Cattle Farms Average Size Heads Reproduc-
Inventory Individually Farm Cattle tion 
(000) head Owned (No.) (He) Per He Ratio 
790.5 15,243 68.36 1.12 .608 
22.1 
38.1 
c 
432.7 
176.5 
25.9 
44.2 
359 
2,143 
1 
4.329 
4,639 
1,653 
2,264 
82.93 
193.20 
8.75 
138.72 
51.61 
23.24 
43.70 
1.28 
1.26 
2.04 
1.09 
1.27 
1.07 
0.94 
.719 
. 686 
.667 
.592 
.588 
.721 
.725 
Table C3. (continued) 
Detail Number of Farms 
(He) 
by Size Total Land by Farm Size 
(He) 
0-20 20-200 200+ 0-20 20-200 200+ 
I. Very Good and 
Good 9,379 5,937 1,042 57.81 350.0 716.3 
Subregions 
I-l-A Very Good 87 253 35 0.71 14.8 15.6 
I-l-B Very Good 1,812 460 36 8.60 24.2 11.8 
I-l-C Very Good 1 c 
I—2—A Good 2,104 1,979 576 14.40 125.9 506.0 
I—2—B Good 2,992 1,765 283 16.60 106.0 137.4 
I—2—C Good 1,265 443 22 7.80 23.0 9.5 
I-2-D Good 1,205 1,037 90 9.70 56.1 36.0 
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Hectares Land in Hectares (OOP) Production of Land in 
Agricultural Irrigated Fertilized Milk per Cow Agricultural 
Land per (liters/day) Production 
Tractor (000 He) 
10.46 20.55 0.67 110.10 
184.90 
38.20 
10.00 
163.56 
66.77 
67.47 
108.29 
0.04 
0.48 
7.08 
2.27 
0 .06  
0.53 
0.55 
13.60 
6.04 
0 . 2 2  
0.14 
0.25 
0 .86  
0.18 
1.92 
0 . 6 6  
0.66 
2.30 
6.90 
c 
45.70 
28.5 
8.5 
18.1 
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Table C4. Types of soils in bio-climatic Subregion I-2A and total area 
by types of soil 
Type Hectare Percent 
Total 770,560 100.0 
Alluvial Origin 184,320 24.0 
A-1—well-drained 84,480 11.0 
A-4—moderately drained 20,480 2.7 
A-5—marsh 12,800 1.7 
A-7—fluviolacustrine, heavy 66,560 8.6 
Undulating Terrain 145,920 18.9 
B-1—coluvial-alluvial 7,680 1.0 
B-3~developed from volcanic tuffs 138,240 17.9 
Undulating to Hilly 286,720 37.2 
C-2—residual on hilly relief 286,720 37.2 
Steeply Dissected to Mountainous Relief 153,600 19.9 
D-1—from volcanic ash deposit 87,040 11.3 
D-2—slopes 40 to 80% 23,040 3.0 
D-3—eroded slopes 50% 43,520 5.6 
®SOURCE; [80]. 
'^ Calculated for this study at the author's request. 
Table C5. Farms visited classified by sizes, land use and beef cattle 
production stage 
Farm Farm Size (He) 
# Total Pasture Annual Forest and 
Crops Other 
1(f)* 20.00 16.20 3.50 0.30 
2(f) 9.83 2.10 7.73 0.00 
3(h) 14.20 10.60 0.00 36.00 
4(h) 12.00 7.00 0.00 5.00 
56.03 35.90 11.23 8.90 
Average 14.008 8.90 2.81 2.22 
5(f) 37.20 36.50 0.70 0.00 
6(f,h) 109.60 42.20 28.10 39.30 
7(h) 129.90 70.20 0.00 59.70 
8*(f) 158.00 70.20 87.80 0.00 
9(h) 39.30 35.80 0.00 3.50 
10(f,h; 121.50 90.60 0.00 30.90 
595.50 345.50 116.60 133.40 
Average 99.25 57.58 19.43 22.33 
ll(h,m) 233.20 231.80 1.40 0.00 
12(h,m) 210.70 196.70 14.00 0.00 
13(h,m) 421.40 351.20 0.00 70.20 
14(h) 266.90 256.40 0.00 10.50 
15*(f,h,m) 1,350.00 850.00 0.00 500.00 
2,482.20 1,886.10 15.40 580.70 
Average 496.40 377.22 3.08 116.40 
Total 3,133.73 2,267.50 143.23 723.00 
Average 208.91 151.17 9.55 48.20 
C^ode for farmland: (f) flat land, (h) hilly land, (m) mountainous 
land, " corporations. 
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Percent Allocation Into Cattle 
Total Pasture Crops Forest Activity 
100 81.00 17.50 1.5 
100 21.60 79.40 0.0 
100 74.60 0.00 25.40 
100 58.30 0.00 41.70 
100 64.10 20.00 15.90 
100 98.10 1.90 0.00 
100 38.50 25.60 35.90 
100 54.00 0.00 46.00 
100 44.40 55.60 0.00 
100 91.10 0.00 8.90 
100 74.60 0.00 25.40 
100 58.00 19.60 22.40 
100 99.40 0.60 0.00 
100 93.40 66.00 0.00 
100 83.30 0.00 16.70 
100 96.10 0.00 3.90 
100 63.00 0.00 37.00 
100 75.98 0.62 23.40 
100 72.30 4.60 23.10 
Calf cropping 
Calf cropping 
Development 
Dairy, calf cropping, development 
Development 
Calf cropping 
Finishing 
Calf cropping 
Dairy, calf cropping, development 
Calf cropping 
Calf cropping (before finishing) 
Calf cropping (before finishing) 
Finishing, calf cropping 
Cropping, finish, dairy, develop. 
Cropping, finish, dairy, develop. 
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Table C6. Some characteristics of owners of farms visited 
Farm Decision Maker 
// Age 
Group 
Experience Education Level& 
Grammar High 
School 
Profession 
College 
1 55/60 30 2 0 0 
2 50/55 15 2 0 0 
3 50/55 30 1 0 0 
4 35/40 15 2 0 0 
5 55/60 35 2 0 0 
6 45/50 10 1 1 1 Educator 
7 50/55 30 2 0 0 (School Principal) 
8 50/55 25 1 2 0 
9 50/55 25 2 0 0 
10 50/55 25 2 0 0 
11 35/40 15 2 0 0 
12 40/45 20 2 0 0 
13 55/60 15 2 0 0 
14 70/75 50 1 0 0 
15 25/30 4 1 1 1 Agr. Engineer 
E^ducation level code: 0 = not at all, 1 = completed and 2 = not 
completed. 
Table C7. Total and per hectare production and supply of beef cattle in farms visited 
Farm Total Total Supply Live Production (head) Averages per Hectare 
# Inventory Pasture- Weight Equiv- Total Inventory Supply Production Supply 
land (He) aient (kg) Change (head) Live Weight 
(kg) 
1 85.00* 16.20 4,950.00 35.00 16.00 19.00 2.16 305.6 
2 11.00 2.10 859.00 3.00 -1.00 4.00 1.43 409.0 
3 20.00 10.60 3,900.00 18.00 -10.00 28.00 1.70 367.9 
4 45.00 7.00 4,050.00 24.00 1.00 23.00 3.42 578.6 
Average 40.25 8.98 3,439.75 20.00 1.50 18.50 2.23 383.0 
5 0.00 36.50 9,495.00 57.00 0.00 57.00 1.56 260.1 
6 66.00 42.20 5,360.00 17.00 -7.00 24.00 0.40 127.0 
7 61.00 70.20 7,650.00 -4.00 -21.00 17.00 -0.05 109.0 
8 154.00 70.20 7,000.00 46.00 12.00 34.00 0.65 99.7 
9 62.00 35.80 4,500.00 24.00 7.00 17.00 0.67 125.7 
10 140.00 90.60 8,235.00 27.00 -2.00 29.00 0.30 90.9 
Average 80.50 57.58 7,040.00 27.83 -1.83 26.67 0.48 122.3 
11 139.00 231.80 82,015.00^  14.00 -201.00 225.00 0.06 353.8 
12 224.00 196.70 14,464.00^  83.00 26.00 57.00 0.42 73.5 
13 300.00 351.20 48,300.00 239.00 -6.00 245.00 0.68 137.5 
14 401.00 256.40 32,220.00 247.00 62.00 185.00 0.96 125.7 
15 1, 469.00 850.00 127,976.00 267.00 -32.00 299.00 0.31 150.6 
Average 506.60 377.20 60,996.00 170.00 -30.20 202.20 0.45 161.7 
Overall 
Average 207.80 151.17 25,206.90 73.13 -10.40 84.20 0.48 166.7 
I^n the process of reducing the stock of cattle. 
S^hifting production stage to calf cropping. 
Table C8. Cattle loads during the dry and rainy seasons in farms 
visited*'b 
Farm Pasture Cattle Stock Load of Cattle U. 
ir Land No. Head No, Cattle Summer Rainy 
(He) (Average) U. Season 
1 16.2 72.0 53.80 15.20 53.80 
2 2.1 11.5 8.70 8.70 8.70 
3 10.6 25.0 15.00 12.00 15.00 
4 7.0 44.5 37.00 30.00 30.00 
5 36.5 45.0 27.00 27.00 54.00 
6 42.2 69.5 51.20 51.20 51.20 
7 70.2 71.5 71.50 67.00 100.00 
8 70.2 148.0 99.85 99.85 99.85 
9 35.8 58.5 44.60 40.40 48.70 
10 90.6 141.0 105.40 104.70 127.10 
llS 231.8 239.5 198.15 176.20 299.60 
12® 196.7 211.0 170.30 174.90 228.10 
13 351.2 303.0 259.60 229.40 262.20 
14 256.4 370.0 310.30 291.00 332.90 
15 850.0 1,485.0 1,260.20 1,321.00 1,321.00 
E^quivalences [34J. 
M^aximum estimated—not actual. 
"^ Grain straw on agricultural land (or bales of). 
L^eases land for cattle stock spillover. 
S^upplemented with 13# a day per head of watermelon during 45 days. 
S^upplemented with sugar cane and concentrate. 
"Changing to another production stage. 
There is irrigation and year round supply of pasture—estimated 
maximum rations = 500.000. 
Table C8. Cattle loads during the dry and rainy seasons in farms 
v i s i t e d ^ ' b  
Farm Pasture Cattle Stock Load of Cattle U. 
/' Land No. Head No. Cattle Summer Rainy 
(He) (Average) U. Season 
1 16.2 72.0 53.80 15.20 53.80 
2 2.1 11.5 8.70 8.70 8.70 
3 10.6 25.0 15.00 12.00 15.00 
4 7.0 44.5 37.00 30.00 30.00 
5 36.5 45.0 27.00 27.00 54.00 
6 42.2 69.5 51.20 51.20 51.20 
7 70.2 71.5 71.50 67.00 100.00 
8 70.2 148.0 99.85 99.85 99.35 
9 35.8 58.5 44.60 40.40 48.70 
10 90.6 141.0 105.40 104.70 127.10 
llS 231.8 239.5 198.15 176.20 299.60 
12: 196.7 211.0 170.30 174.90 228.10 
13 351.2 303.0 259.60 229.40 262.20 
14 256.4 370.0 310.30 291.00 332.90 
15 850.0 1,485.0 1,260.20 1,321.00 1,321.00 
E^quivalences [B4J. 
M^aximum estimated—not actual. 
G^rain straw on agricultural land (or bales of). 
leases land for cattle stock spillover. 
S^upplemented with 13# a day per head of watermelon during 45 days. 
Supplemented with sugar cane and concentrate. 
"Changing to another production stage. 
\^here is irrigation and year round supply of pasture—estimated 
maximum rations = 500.000. 
Table C8. (continued) 
Farm Rations per He Cattle Load Units per He 
IF Annual Summer Rainy Actual Real 
Capacity 
1 886.00^  105.00 758.00 3.32 2.43 
2 1,512.00 302.60 1,008.00 4.14 4.14 
3 482.00 137.74 344.34 1.41 1.32 
4 1,564.30 521.00 1,042.90 5.28 4.28 
5 450.00 90.00 360.00 1.23 1.23 
6 443.30 88.60 295.70 1.21 1.21 
7 463.30 116.20 347.20 1.02 1.27 
8 519.20 76.90 346.10 1.42 1.42 
9 468.30 137.30 331.00 1.24 1.28 
10 481.90 140.60 341.30 1.16 1.32 
11 407.00 92.50 314.50 1.03 1.12 
12 403.80 121.70 282.10 0.87 1.11 
13 402.00 157.74 244.38 0.73 0.72 
14 454.00 138.10 315.90 1.21 1.24 
15 567.25 189.10 378.15 1.48 1.55 
hypothetical availability. 
4 
3 
24 
2 
8 
2 
6 
27 
7 
9 
11 
11 
22 
30 
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Lots Rotation 
Average 
Lot He 
Summer Rainy 
Season 
Lots Loaded 
Every 
(x) Days 
5.15 
0.53 
3.52 
0.25 
24.00 
5.28 
35.10 
11.70 
1.33 
12.90 
25.80 
17.90 
31.90 
11.70 
28.33 
No 
No 
No 
1 
No 
No 
No 
No 
2 
No 
No 
No 
No 
No 
15/22 
10/  2 
8/10 
30 
1 
60 
30 
30 
10/  5 
1 
22 
22 
30 
15 
10/  2 
15/22 
24 
24 
60 
24 
60 
60 
30 
45 
30 
44 
44 
60 
45 
50 
30/44 
Table C9. Common grasses produced in farms visited, total area (hectares) and percentages 
Farm 
# 
Forages Planted (from most to least common) 
Jaragua^  African Starb Guinea^  Gigante° Pangola® Sugar Cane 
1 16.20 
2 2.10 
3 9.00 1.60 
4 6.00 1.00 
5 36.50 
6 42.20 
7 10.10 50.00 10.10 
8 56.00 14.20 
9 30.20 4.20 1.40 
10 90.60 
11 231.80 
12 196.70 
13 256.40 94.80 
14 80.80 175.60 
15 765.80 70.20 7.00 7.00 
Total 1,722.40 291.40 51.60 185.70 7.00 9.40 
Percent 75.96 12.85 2.28 8.19 0.31 0.41 
(^hyparehenica reefa (neos) Stap). 
Cynodon influencies. 
'^ (panicum maximum, Jaca). 
(^pennisetum purpureum). 
(^Digitaria decumbeus, stent.). 
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Table ClOa. Disbursements and imputed costs for complementary and 
supplementary feeds in farms visited 
Farm Total Complemen tary Supplementary 
// (U.S. $) Feeding (U.S. $) Feeding (U.S. $) 
1 356.01 145.86 210.15 
2 220.17 152.49 67.68 
3 11.67 0.00 11.67 
4 686.35 480.28 206.07 
Average 318.55 194.66 123.89 
5 198.37 0.00 198.37 
6 640.37 466.74 173.63 
7 59.51 0.00 59.51 
8 190.43 0.00 190.43 
9 390.90 280.98 109.92 
10 251.34 0.00 251.34 
Average 288.49 124.62 163.87 
11 770.71 0.00 770.71 
12 1,869.31 746.79 1,122.52 
13 795.95 0.00 795.35 
14 2,184.95 409.57 1,775.38 
15 35,722.52^  35,722.52* 
Average 8,268.57 7,375.78 892.79 
Overall 
Average 2,956.53 2,560.35 396.18 
I^ncludes both. 
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Table ClOb. Per unil^ disbursements and imputed costs for complementary 
and supplementary feeds in farms visited 
Farm 
# 
Total 
(U.S. $) 
Complementary 
Feeding (U.S. $) 
Supplementary 
Feeding (U.S. $) 
1 4.62 1.89 2.73 
2 19.15 13.26 5.89 
3 0.40 0.00 0.40 
4 15.43 10.80 4.63 
Average 7.86 4.81 3.05 
5 3.42 0.00 3.42 
6 9.21 6.72 2.49 
7 0.83 0.00 0.83 
8 1.24 0.00 1.24 
9 6.68 4.80 1.88 
10 1.78 0.00 1.78 
Average 3.13 1.35 1.78 
11 3.22 0.00 3.22 
12 8.86 3.54 5.32 
13 2.62 0.00 2.62 
14 5.91, 1.11, 4.80 
15 24.06° 24.06° 
Average 15.85 14.14 1.71 
Overall 
Average 13.55 11.74 1.82 
O^n the average cattle inventory. 
I^ncludes both. 
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Table Cll. Mortality rates for calves and adult cattle in farms visited' 
Farm 
# 
Mortality Rate 
To tal Calvesb Adult Cattle^  
1 0.00 0.00 0.00 
2 8.33 25.00 0.00 
3 6.66 0.00 6.66 
4 
(w^  
8.19 8.10 8.33 
Average 4.27 4.00 4.84 
5 5.00 0.00 5.00 
6 5.63 12.00 2.17 
7 6.02 100.00 4.88 
8 5.47 13.79 0.00 
9 1.54 4.16 0.00 
10 A 4.19 16.13 0.89 
Average (w) 4.75 12.95 2.09 
11 1.19 7.40 0.65 
12 7.77 19.67 2.27 
13 6.56 21.74 2.11 
14 9.87 2.47 0.80 
15 4.70 16.60 1.00 
Average (w) 4.41 15.33 1.13 
Overall d Average 4.42 14.34 1.68 
S^elected farms. 
L^ess than 12 months old, born during the year. 
'^ Over 12 months old, over average inventory. 
W^eighed averages. 
Table C12a. Disbursements for veterinary medicines and chemicals for beef cattle parasites 
control in farms visited 
Farm Total Veterinary Parasitary Diagnosed By 
// (U.S. $) Medic ines Control Farmer Professional 
(U.S. $) (U.S. $) 
1 125.44 33.61 91.83 X 
2 12.37 0.00 12.37 X 
3 27.42 0.00 27.42 X 
4 357.64 102.92 254.72 X X 
Average 130.72 34.13 96.59 
5 143.29 61.61 81.68 X 
6 89.50 57.76 31.74 X 
7 73.28 21.59 51.69 X 
8 338.38 252.04 86.35 X X 
9 228.57 79.00 149.57 X X 
10 73.63 45.51 28.12 X 
Average 157.77 86.25 71.52 
11 394.98 140.02 254.96 X 
12 356.01 161.73 194.28 X 
13 621.70 137.22 484.48 X 
14 794.40 176.20 618.20 X X 
15 11 ,666.86 6,380.50 5,286.36 X 
Average 2 ,766.79 1,399.13 1,367.66 X 
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Table C12b. Per unit disbursements for veterinary medicines and 
chemicals for beef cattle parasites control in farms 
visited 
Farm Per Head Per Head Per Head 
# Total Veterinary Parasitory 
(U.S. $) Medicines Control 
(U.S. $) (U.S. $) 
1 1.63 0.44 1.19 
2 1.08 0.00 1.08 
3 1.09 0.00 1.09 
4 8.04 2.31 5.73 
Average 3.31 0.86 2.45 
5 2.47 1.06 1.41 
6 1.29 0.83 0.46 
7 1.02 0.30 0.72 
8 2.29 1.70 0.59 
9 3.91 1.35 2.56 
10 0.52 0.32 0.20 
Average 1.73 0.95 0.79 
11 1.65 0.58 1.07 
12 1.69 0.77 0.92 
13 2.05 0.45 1.60 
14 2.15 0.48 1.67 
15 7.94 4.34 3.60 
Average 5.19 2.63 2.57 
Overall 
Average 4.54 2.27 2.27 
Table C13. Beef cattle and other cattle breeds and their crossings dominant in farms visited 
Farm Dominant Breed or Crossings^  
^ BxC BSxB BSxG H GxH ZxB BSxH B BxIB Undef inable 
1 X 
2  X X  
3 X 
4  X X  
5 X 
6 X 
7 X 
8  X X  
9 XX 
10 X 
11 X 
12 X 
13 X 
14 XX 
15 X 
â  Breed abbreviations include; B = Brahaman, BS = Brown Swiss, G = Guernsey, H = Holstein, 
Z = Zebu, IB = Indo-Brazil, S = SImmental, and C = Criollo. 
S^immental crossed with other beef breeds and with dairy breeds to create a dual purpose 
cattle farm, as a system, not as a specialized breed. 
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Table C14. Age of heifers 
calf/cow ratio 
at first calving, 
in farms visited 
intercalving period and 
Farm Age (months) 
at First 
Calving 
Intercalving 
Period 
(months) 
Type ofy 
Matings 
Calf/Cow^  
Ratio 
1 27/36 15/16 ii .890 
2 
3 
27/36 13/14 iii .800 
4 
5 
30/36 12/15 ii .800 
6 36 12 iii .735 
7 36 14 iii .500 
8 NA^  16/17 iii .760 
9 30/36 12 ii .960 
10 30/60 12/20 iii .456 
11 30/36 NA iii .675 
12 30 NA iii .836 
13 NA NA iii .767 
14 27/30 11/13 i .900 
15 30 14.07 i .800 
C^ows only. This figure is not comparable to the census value as 
the latter one includes heifers two years plus in the reproducing herd, 
(^i) controlled, 
(ii) semicontrolled, 
(iii) free. 
means not available. 
Table C15. Labor cost, actual and imputed, in farms visited 
Farn Total 
(U.S. $) 
Cattle and Dairy Production Agriculture Production 
Total Family* Hired Total Family Hired 
1 3,930.92 2,195.22 2,100.35 94.87^  1,735.70 1,575.26 160.44 
2 3,024.50 238.62 238.62 0.00 2,785.88 2,785.88 0.00 
3 756.12 756.12 756.12 0.00 0.00 0.00 0.00 
4 3,123.92 3,123.92 2,520.42 603.50 0.00 0.00 0.00 
Average 2,708.87 1,578.47 1,403.88 174.59 1,130.40 1,090.29 40.11 
5 3,568.73 2,892.42 2,449.01 443.41^  676.31 575.50 100.81 
6 3,825.90 1,626.60 0.00 1,626.60 2,199.30 0.00 2,199.30^  
7 2,259.04 2,259.04 1,092.18 1,166.86 0.00 0.00 0.00 
8 8,678.52 4,591.01 985.41 3,605.60 4,087.51 1,231.62 2,855.89 
9 3,024.50 3,024.50 3,024.50 0.00 0.00 0.00 0.00 
10 3,439.91 3.429.91 1,386.23° 2,053.68^  0.00 0.00 0.00 
Average 4,132.77 2,972.25 1,489.56 1,482.69 1,160.52 309.19 859.33 
11 4,220.07 3,960.68 1,378.88 2,581.80 259.39 259.39 0.00 
12 8,431.27 8,431.27 3,267.21 5,164.06" 0.00 0.00 0.00 
13 9,360.56 9,360.56 6,525.09 2,835.47 0.00 0.00 0.00 
14 9,102.34 9,102.34 6,067.68 3,034.66* 0.00 0.00 0.00 
15 28,566.74 24,050.17 6 24,040.17 4,516.57 e 4,516.57 
Average 11,936.20 10,981.00 3,447.77 7,533.23 955.19 51.88 903.31 
Overall 
Average 6,354.56 5,270.16 2,119.45 3,150.71 1,084.04 428.51 655.53 
I^mputed value, at alternative cost. 
"contract by job. 
Absentee ovmer. 
H^as a part-time job elsewhere. 
U^nder management, does not include management overhead. 
Table C16. Investment in fixed assets in farms visited^ 
Investment on Fixed Assets (U.S. $) farm ^ umDer Total Buildings and Machinery and Fences and 
Structures^  Equipment Roads 
1 5,567.4 3,588.7 34.0 1,944.7 
2 1,277.7 624.3 70.0 583.4 
3 542.6 0.0 11.7 530.9 
4 12,969.5 8,926.6 1,490.9 2,552.0 
Average 5,089.3 3,284.9 401.7 1,402.7 
5 4,729.8 2,041.4 63.0 2,625.4 
6 7,320.6 3,033.6 0.0 4,287.0 
7 5,356.7 1,650.5 31.2 3,675.0 
8 92,516.9 6,683.4 77,451.5 8,382.0 
9 5,771.8 1,828.0 745.1 3,198.7 
10 5,781.0 2,550.0 150.5 3,080.5 
Average 20,246.1 2,964.5 13,073.6 4,208.0 
11 6,696.4 2,769.4 144.0 3,783.0 
12 5,785.3 2,333.7 575.0 2,876.6 
13 14,935.8 2,187.8 9,002.4 3,745.6 
14 22,119.3 11,140.6 3,277.7 7,701.0 
15 253,582.2 101,925.3 115,752.6 35,904.3 
Average 60,623.8 24,071.4 25,750.3 10,802.1 
Overall Average 29,663.5 10,085.6 13,920.0 5,657.9 
L^and and cattle excluded. 
.\t replacement cost less accumulated depreciation. 
'^ Includes owner's house, when applicable. 
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Table C17. Investment in fixed assets per hectare in farms visited 
Investment on Fixed Assets (U.S. $) 
Total Buildings Machinery Fences 
and and and 
Structures Equipment Roads 
Small farms 363.50 234.60 28.70 100.20 
Medium size 204.00 29.90 131.70 42.40 
Large size 122.10 48.50 51.90 21.80 
Average 142.00 48.30 66.60 27.10 
Table C18. Technical and other assistance received by owners of farms visited^ 
„ Technical Farm jy Assistance Information Other 
Official Private Official Private Official Private 
1 21-2 X 21-y X X X 
2 X X 22-y X X X 
3 X X X X X X 
4 21-y 11-z X X X X 
5 21-z X X X X X 
6 21-y X X X X X 
7 X X X X X X 
8 X 11-z X 21-y X X 
9 21-y 11-y 21-y X X X 
10 X X X X X X 
11 X 21-y X X X X 
12 11-y X X X X X 
13 21-y X X X X X 
14 X 11-y X X X X 
15 X 11-z X X X X 
I^nformation codes are as follows: x = no visits or issues received; y = from 1 to 
10 visits or issues received; z = more than 10 visits or issues received; 10 = requested; 
11 = requested and applied; 12 = requested but not applied; 13 = requested but not useful; 
20 = offered; 21 = offered and applied; 22 = offered but not applied; 23 = offered but not 
useful. 
Table C19. Credit for beef cattle and other agricultural outputs, applied for and its uses, 
in farms visited 
Farm Credit Applied For Credit Used^  in 
# Agricultural Cattle and Agricultural Cattle and Other 
Production Dairy Production Dairy Uses 
1 
9 
X X 10,1 20,2 20,3 
L 
3 X 20,2 20,3 
4 X 20,2 20,3 
5 X 20,1 
6 X X 10,1 20,1 
7 X 20,2 20,3 
8 X X 10,1 20,2 20,3 
9 X 20,1 
10 X 20,1 
11 X 20,1 
12 X 20,2 20,3 
13 X 20,1 
14 X 20,1 
15 X 20,1 
D^efinitions for codes used in credit uses column are as follows; 10 = agriculture, 
20 = cattle and dairy, 1 = used as applied for, 2 = partly used as applied for, and 3 " other 
uses. 
Table C20. Credit terms (Interest rate and time) in loans for production in farms visited (in 
U.S. dollars) 
Farm 
// 
Total Credit 
(U.S. $) 
Cattle Credit Agricultural Credit Other Credit 
$ %/t* $ %/t $ %/t 
1 1,855 
2 6,651 5,834 9.0/2.00 817 9.0/.5/1.5 1,855 1.5/18.0^  
3 4,667 4,667 9.0/2.00 
4 18,904 7,235 9.0/6.00 11,669 9.0/8.0 
5 6,534 6,534 9.0/1.25 
6 13,186 5,018 9.0/7.00 8,168 9.0/1.00 
7 16,336 16,336 16.0/1.50 
8 133,022 11,669 12.0/5.00 46,674 12.0/1.00 74,679 13.0/5.0 
9 11,669 11,669 9.0/5.00 
10 7,585 7,585 9.0/5.00 
11 23,337 23,337 10.0/2.00 
12 32,672 32,672 9.0/5.00 
13 21,300 21,500 16.0/.5/1. 5 
14 37,340 37,340 16.0/1.00 
15^  ^ 348,074 248,541 10.5/5.50* 99,533 14.0/5.0^  
t^ = time terms in years. 
For buying land. 
A^lso has a credit line with a foreign bank. 
F^igures with a bar over them mean average of various interest rates and time terms. 
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Table Dl. Case I. Gross income and variable costs and related 
information 
Total Cattle and 
Cattle 
Production 
Rice 
Gross income 
Variable costs 
Wages and contracts 
Fertilizers 
Insecticides and fungicides 
Seeds 
Rentals and other 
Veterinary, medicine and other 
Complementary and supplementary 
feeds 
Maintenances 
Interest payments 
Crop insurance 
Net income 
Depreciations^  
Taxesb 
$12,038.09 
3,437.77 
242.26 
262.54 
340.14 
163.36 
1,139.79 
125.43 
210.15 
130.69 
620.19 
203.22 
8,600.32 
443.06 
37.50 
$7,563.61 
1,492.75 
114.00 
480.51 
125.43 
210.15 
107.35 
455.31 
6,160.86 
$4,384.48 
1,945.02 
128.26 
262.54 
340.14 
163.36 
659.28 
23.34 
164.88 
203.22 
2,439.46 
T^he farm is operated by two elderly brothers for the year ending in 
April, 1980. 
'^ Not included in the computations of the linear programming. 
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Table D2. Case 11.^ Gross income and variable costs and related 
information 
Total Rice Sorghum Cattle 
Gross income $8,728.89 $7,467.91 $186.70 $1,074.28 
Variable expenses 2,298.10 2,022.39 94.16 181.55 
Fertilizers 115.50 38.50 ——— 77.00 
Fungicides 324.38 315.05 9.33 — —  
Veterinary, medicine and other 12.37 — —  12.37 
Complementary feeds 67.68 —— — — —  67.68 
Seeds 210.73 179.23 31.50 —— 
Packaging materials 294.04 280.04 14.00 — —  
Rentals 1,225.21 1,190.20 35.01 —— — 
Maintenances 48.18 19.37 4.31 . 24.50 
Net income 6,430.79 5,445.52 92.54 892.73 
Depreciations^  272.70 
Interest (on mortgage)^  27.83 
Annual mortgage payment^  115.96 
T^he farm is operated by the farm owner and two of his children for 
the year ending in April, 1980. There is excess of manpower. 
N^ot included in the computations of the linear programming. 
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Table D3. Case Gross income and variable costs and related 
information 
Total Cattle Rice Cotton^  
Gross income $35,489.54 $4,924.20 $14,935.82 $15,629.52 
Variable costs 22,595.78 2,759.05 9,968.84 9,867.89 
Fertilizers 2,660.44 1,586.93 1,073.51 
Insecticides and Fungicides 1,608.29 1,001,52 606.77 
Seeds 1,064.18 734.13 280.05 
Veterinary, medicine and 
other 89.50 89.50 —— —— 
Supplementary feeds 173.63 173.63 
Packaging materials 186.70 186.70 
Rentals 8,121.35 3,827.30 4,294.05 
Wages and contracts 3,794.39 1,626.60 898.25 1,269.54 
Transports 985.3 186.70 798.60 
Crop insurance 1,499.08 672.94 826.14 
Maintenances 596.26 417.74 89.26 89.26 
Interest payments 1,816.66 451.58 735.11 629.97 
Net income 12,893.76 2,165.15 4,966.98 5,761.63 
Depreciations^  1,343.99 
Taxes'^  99.11 
Mortgage payments^  1,250.00 
Interest on mortgage^  930.00 
F^arm is supervised by the owner's son and a hired hand for the 
year ending in April, 1980. 
N^ormal crop is above this year's yield. 
'^ Not included in the computations of the linear programming. 
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Table D4. Case IV.^ Gross income and variable costs and related 
information 
Total 
Gross income $83,927.50 
Variable costs 47,205.82 
Herbicides 560.09 
Supplementary feeds 795.33 
Veterinary, medicine and other 661.38 
Fuels 2,593.93 
Wages and contracts 2,908.98 
Transports 110.85 
Maintenances 1,582.26 
Cattle purchases 35,472.58 
Interest payments 2,520.42 
Net income 36,721.68 
Depreciations^  3,753.80 
Taxes^  218.79 
T^he farm is managed by the farm owner and two members of his 
family for the year ending in April, 1980. 
N^ot included in the computations of the linear programming. 
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Table D5. Case V.^ Gross income and variable costs and related 
information b 
Total Cattle^  Orchard 
Gross income $230,111.09 $223,109.92 $7,001.17 
Variable costs 123,406.27 123,096.50 309.77 
Wages and contracts 27,406.24 37,530.57 309.77 
Veterinary, medicine, feeds, 
and chemicals 16,142.12 16,142.12 
Cattle purchases 36,299.88 36,299.88 
Transportation 7,421.60 7,421.60 
Interest payments 7,812.60 7,812.60 
Seeds 1,725.09 1,725.09 
Other inputs 233.37 233.37 
Maintenances 25,931.27 25,931.27 
Net income ' ' 106,704.82^  100.013.42 6,691.40 
Depreciations® 25,805.48 
Other interest payments® 32,270.60 
Overhead® 22,309.33 
T^he farm is operated by a cattle specialist. This is a one-year 
operation ending in September, 1979. 
O^ptimization corresponds to the expansion program planned by 
corporation, then it corresponds to a different scale. 
I^ncludes production of forages. 
'^ Excludes value of inventory changes. 
o^t included in the computations of the linear programming. 
Table D6. Cost and shadow price of inputs in Farm Case I and shadow price and activity ranges 
Input Cost and Constraint Scenario Input Cost Shadow Price Activity Range 
(U.S. $) (U.S. $) Lower Optimal 
Limit Value 
I. Original Program 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
II. Credit Restrictions 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
1 .0  
1.0 
1.0  
0 . 8  
0 .8  
0 . 8  
1 . 2  
1 . 2  
1 . 2  
1 . 0  
1 .0  
1 . 0  
0 .8  
0 .8  
0 . 8  
1.2 
1.2 
1.2 
5.35 
8.75 
17.90 
5.35 
8.92 
18.50 
5.32 
8.58 
17.30 
5.35 
8.76 
17.90 
5.35 
8.91 
18.50 
5.32 
8.58 
17.30 
73 
137 
73 
73 
137 
73 
73 
137 
73 
73 
137 
73 
73 
137 
73 
73 
137 
73 
680 
154 
81 
680 
154 
81 
680 
154 
81 
490 
154 
81 
490 
154 
81 
490 
154 
81 
III. Reduction of Constraints 
(a) 1-chemical and fertilizers 1.0 
2-complementary and other feeds 1.0 
3-veterinary medicines 1.0 
(b) Price reductions 
1-chemical and fertilizers 0.8 
2-complementary and other feeds 0.8 
3-veterinary medicines 0.8 
(c) Price increments 
1-chemical and fertilizers 1.2 
2-complementary and other feeds 1.2 
3-veterlnary medicines 1.2 
2.75 882 944 
40.98 0 157 
75.78 0 84 
2.74 882 944 
41.18 0 157 
76.34 0 84 
2.75 882 944 
40.68 0 157 
75.04 0 84 
Table D7. Cost and shadow price of inputs 
Input Cost and Constraint 
Scenario 
I. Original Program 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
II. Credit Restrictions 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
Farm Case II and shadow price and activity ranges 
Input Shadow Price Activity Range 
Cost (U.S. $) Lower Optimal 
(U.S. $) Limit Value 
1.0 
1.0  
1.0 
16.40 
1.79 
89.0 
62.4 
443.0 
63.5 
0 . 8  
0 .8  
0 .8  
16.40 
1.72 
89.0 
62.4 
443.0 
63.5 
1.2 
1 . 2  
1.2 
16.40 
1.86 
89.0 
62.4 
443.0 
63.5 
1.0 
1.0 
1 . 0  
16.40 
1.79 
89.0 
62.4 
443.0 
63.5 
0 .8  
0 . 8  
0 .8  
16.40 
1.72 
89.0 
62.4 
443.0 
63.5 
1 .2  
1 . 2  
1.2 
16.40 
1.86 
89.0 
62.4 
443.0 
63.5 
III. Reduction of Constraints 
(a) l-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
1.0/16.40 
1.0/16.04 
487,0 
30.0 
0.8/16.40 
0.8/ 6.03 
487.0 
30.0 
1.2/16.40 
1.2/ 6.06 
487.0 
30.0 
Table DR. Cost and shadow price of inputs in Farm Case III and shadow price and activity range 
Input Cost and Constraint InpuC Shadow Price Activity Range 
Scenario Cost (U.S. $) Lower Optimal 
(U.S. $) Limit Value 
I. Original Program 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterlnary medicines 
1 . 0  
1.0 
1 . 0  
0 . 8  
0 .8  
0 .8  
1 . 2  
1 . 2  
1 . 2  
2.42 
8.18 
22.09 
2.42 
7.63 
20.88 
2.42 
7.63 
23.30 
3,452 
82 
28 
3,452 
82 
28 
3,452 
82 
28 
4,032 
152 
54 
4,032 
159 
54 
4,032 
159 
54 
II. Credit Restrictions 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterlnary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterlnary medicines 
1.0  
1 .0  
1 . 0  
0 . 8  
0 . 8  
0 . 8  
1.2 
1.2 
1.2 
2.42 
8.18 
22.09 
2.42 
7.63 
20.88 
2.42 
8.72 
23.30 
3,452 
82 
28 
1,595 
126 
43 
1,595 
126 
43 
3,434 
178 
61 
3,434 
178 
61 
3,434 
178 
61 
III. Reduction of Constraints 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
1.0 
1.0  
1 .0  
2.92 
19.73 
56.03 
0 . 8  
0 . 8  
0 .8  
2.92 
19.80 
56.62 
1 . 2  
1.2 
1.2 
2.93 
19.66 
55.44 
108 
37 
245 
84 
108 
37 
245 
84 
108 
37 
245 
84 
Table D9. Cost and shadow price of inputs in Farm Case IV and shadow price and activity range 
Input Cost and Constraint Input Shadow Price Activity Range 
Scenario Cost (U.S. $) Lower Optimal 
(U.S. $) Limit Value 
I. Original Program 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
II. Credit Restrictions 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
1.0 
1.0 
1.0  
0 . 8  
0.8  
0.8 
1 . 2  
1 . 2  
1 . 2  
1.0 
1.0 
1 .0  
0 . 8  
0.8 
0.8 
1.2 
1.2 
1.2 
38.76 
29.75 
2.02 
1.05 
1.88 
25.22 
26.42 
28.01 
36.42 
38.76 
29.75 
63.06 
39.11 
29.97 
63.65 
36.41 
26.81 
62.48 
422 
509 
402 
831 
1,046 
395 
422 
409 
395 
422 
509 
342 
422 
509 
342 
422 
509 
342 
831 
1,047 
403 
834 
1,056 
402 
831 
1,047 
404 
749 
939 
366 
749 
939 
366 
747 
939 
366 
III. Reduction of Constraints 
(a) 1-chemical and fertilizers 1.0 
2-complementary and other feeds 1.0 
3-veterinary medicines 1.0 
(b) Price reductions 
1-chemical and fertilizers 0.8 
2-complementary and other feeds 0.8 
3-veterinary medicines 0.8 
(c) Price increments 
1-chemical and fertilizers 1.2 
2-complementary and other feeds 1.2 
3-veterinary medicines 1.2 
38.76 42 854 
29.75 50 1,118 
2.02 392 393 
1.05 854 857 
0.88 1,118 1,126 
84.67 393 392 
36.41 42 855 
28.01 50 1,118 
31.46 392 393 
Table DIO. Cost and shadow price of 
Input Cost and Constraint 
Scenario 
I. Original Program 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
II. Credit Restrictions 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
in Farm Case V and shadow price and activity range 
Input Shadow Price Activity Range 
Cost (U.S. $) Lower Optimal 
(U.S. $) Limit Value 
1.0 
1 . 0  
1.0 
12.77 
1.06 
8.86 
5,038 
6,182 
3,065 
5,276 
6,588 
3,421 
0 .8  
0.8  
0 .8  
13.34 
1.03 
9.18 
5,038 
6,182 
3,065 
5,276 
6,588 
3,421 
1.2 
1.2 
1 . 2  
6.00 
15.90 
14.90 
5,271 
6,008 
3,420 
5,288 
6,182 
3,436 
1 . 0  
1.0 
1.0 
9.20 
16.89 
6.67 
5,100 
6,008 
3,157 
5,114 
6,061 
3,177 
0.8  
0.8 
0 .8  
7.97 
17.24 
5.76 
5,100 
6,061 
3,152 
5,114 
6,061 
3,177 
1.2 
1.2 
1.2 
10.25 
15.90 
7.46 
5,100 
6,008 
3,157 
5,114 
6,061 
3,177 
III. Reduction of Constraints 
(a) 1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(b) Price reductions 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
(c) Price increments 
1-chemical and fertilizers 
2-complementary and other feeds 
3-veterinary medicines 
3.96 4,903 5,272 
19.39 4,505 5,048 
6.19 3,194 3,405 
4.07 4,904 5,272 
19.37 4,505 5,048 
6.53 3,194 3,405 
3.01 4,904 5,272 
19.45 4,505 5,048 
4.38 3,194 3,405 
Table Dll. Production of beef cattle forthcoming, given input and credit 
costs, in the context of three constraint scenarios 
Case and Type Average Original Program 
of Cattle Weight  ^ , Prices of Inputs _ 
Original Reduced Increased 
20% 20%* 
Case I 
Total kg 
1-cows 
2-heifers 
3-calves 
Case II 
Total kg 
1-cows 
2-calves 
450 
275 
200 
331 
185 
5,406.0 
1,687.5 
1,718.8 
2,000.0  
792.0 
374.0 
418.0 
5,406.0 
1,687.5 
1,718.8 
2,000.0 
792.0 
374.0 
418.0 
5,406.0 
1,687.5 
1,718.8 
2,000.0 
792.0 
374.0 
418.0 
Case III 
Total kg 
1-steers 
2-cows 
3-heifers 
Case IV 
Total kg 
1-steers 
2-cows 
3-heifers 
Case V 
Total kg 
1-steers 
2-cows 
3-heifers 
4-calves 
425 
340 
250 
415 
375 
300 
471/473 
434 
270 
200/250 
5,653.0 
3,421.0 
830.0 
1,402.0 
43,925.0 
34,604.0 
3,750.0 
5,571.0 
195,827.0 
65,747.0 
60,830.0 
37,800.0 
31,450.0 
5,653.0 
3,421.0 
830.0 
1,402.0 
44,404.0 
36,182.0 
3,296.0 
4,926.0 
195,827.0 
65,727.0 
60,830.0 
37,800.0 
31,450.0 
5,653.0 
3,421.0 
830.0 
1,402.0 
43,925.0 
34,604.0 
3,750.0 
5,571.0 
202,898.0 
93,654.0 
57,354.0 
35,640.0 
16,250.0 
Overall Output (kg) 251,603.0 252,082.0 258,674.0 
I^nterest rate for credit for calf cropping equalized (small and 
large farmers paying the same rate) and 25% increase in the interest rate 
for cattle finishing. 
Reduction of Other Constraints (III) 
Prices of Inputs 
25% Reduction of Credit (ii) 
Prices of Inputs 
Original Reduced Increased Original "educed Increased 
20% 20% 20% 20% 
5,406.0 
1,687.5 
1,718.8 
2,000.0 
5,406.0 
1,687.5 
1,718.8 
2,000.0 
5,406.0 
1,687.5 
1,718.8 
2,000.0 
5,650.0 
1,930.5 
3,720.0 
5,650.0 
1,930.5 
3,720.0 
5,650.0 
1,930.5 
3,720.0 
792.0 
374.0 
418.0 
792.0 
374.0 
418.0 
792.0 
374.0 
418.0 
370.0 
185.0 
185.0 
370.0 
185.0 
185.0 
370.0 
185.0 
185.0 
6,325.0 
3,834.0 
918.0 
1,573.0 
6,325.0 
3,834.0 
918.0 
1,573.0 
6,325.0 
3,834.0 
918.0 
1,573.0 
8,720.0 
5,279.0 
1,278.0 
2,163.0 
8,720.0 
5,279.0 
1,278.0 
2,163.0 
8,720.0 
5,279.0 
1,278.0 
2,163.0 
39,374.0 
30,053.0 
3,750.0 
5,571.0 
39,374.0 
30,053.0 
3,750.0 
5,571.0 
39,374.0 
30,053.0 
3,750.0 
5,571.0 
47,303.0 
46,371.0 
375.0 
557.0 
47,678.0 
47,678.0 
47,303.0 
46,371.0 
375.0 
557.0 
190,661.0 
99,330.0 
59,961.0 
15,120.0 
16,250.0 
242,558.0 
190,661.0 
99,330.0 
59,961.0 
15,120.0 
16,250.0 
242,558.0 
190,661.0 
99,330.0 
59,961.0 
15,120.0 
16,250.0 
242,558.0 
202,936.0 
109,896.0 
47,360.0 
29,430.0 
16,250.0 
264,979.0 
202,936.0 
109,896.0 
47,360.0 
29,430.0 
16,259.0 
265,354.0 
202,936.0 
109,896.0 
47,360.0 
29,430.0 
16,250.0 
264,979.0 
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Table D12. Cost and shadow price of credit and working capital in Farm 
Case I and shadow price and activity range 
Interest Rate and 
Constraint Scenario 
Interest Shadow Price Activity -.Optimal 
Rate ($) ($) Range -Value 
I. Original Program 
(a) 1-credit I 
2-credit II 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 
3-working capital 
0.09 
0.09 
0.11 
3.32 640/1,500 1,457 
3.47 640/1,500 1,457 
3.17 640/1,500 1,457 
II. Credit Restrictions 
(a) 1-credit I 0.09 
2-credit II 
3-working capital 
(b) Input price reductions 
1-credit I 0.09 
2-credit II 
3-working capital 
(c) Input price increments 
1-credit I 0.11 
2-credit II 
3-working capital 
III. Reduction of Constraints 
(a) 1-credit I 0.09 
2-credit II 
3-working capital 
(b) Input price reductions 
1-credit I 0.09 
2-credit II 
3-working capital 
(c) Input price increments 
1-credit I 0.11 
2-credit II 
3-working capital 
3.32 640/1,200 1,200 
3.47 640/1,200 1,200 
3.17 640/1,200 1,200 
1.70 1,832/3,000 1,900 
1.70 1232/3,000 1,900 
1.53 1,83^ 3,000 1,900 
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Table D13. Cost and shadow price of credit and working capital in Farm 
Case II and shadow price and activity range . 
Interest Rate and Interest Shadow Activity 
Constraint Scenario Rate Ptice Range Optimal 
($) ($) Value 
I. Original Program 
(a) 1-credit I 
2-credit II 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 
3-working capital 
II. Credit Restrictions 
(a) 1-credit I 
2-credit II 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 
3-working capital 
III. Reduction of Constraints 
(a) 1-credit I 
2-credit II 
3-working capital 2.43 112/2,931 2,931 
(b) Input price reductions 
1-credit I 
2-credit II 
3-working capital 2.46 112/2,931 2,931 
(c) Input price increments 
1-credit I 
2-credit II 
3-working capital 2.39 112/2,921 2,931 
2.43 235/2,703 2,478 
2.46 235/2,703 2,478 
2.40 235/2,703 2,478 
2.43 235/2,703 2,300 
2.46 235/2,703 2,300 
2.40 235/2,703 2,300 
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Table D14. Cost and shadow price of credit and working capital in Farm 
Case III and shadow price and activity range 
Interest Rate and 
Constraint Scenario 
Interest 
Rate 
($) 
Shadow 
Price 
($) 
Activity 
Range 
($) 
Optimal 
Value 
I. Original Program 
(a) 1-credit I 0.09 0.95 
2-credit II 
3-working capital 2.37 
(b) Input price reductions 
1-credit I 0.09 0.09 
2-credit II 
3-working capital 2.51 
(c) Input price increments 
1-credit I 0.11 0.99 
2-credit II 
3-working capital 2.23 
II. Credit Restrictions 
(a) 1-credit I 0.09 0.95 
2-credit II 
3-working capital 2.37 
(b) Input price reductions 
1-credit I 0.09 0.90 
2-credit II 
3-working capital 2.51 
(c) Input price increments 
1-credit I 0.11 0.99 
2-credit II 
3-working capital 2.23 
III. Reduction of Constraints 
(a) 1-credit I 0.09 4.54 
2-credit II 
3-working capital 2.37 
(b) Input price reductions 
1-credit I 0.09 4.56 
2-credit II 
3-working capital 2.51 
(c) Input price increments 
1-credit I 0.11 4.53 
2-credit II 
3-working capital 2.23 
1,260/15,593 
2,068/ 4,317 
1,260/15,593 
2,068/ 4,317 
1,260/15,593 
2,068/ 4,317 
397/13,771 
2,068/ 3,333 
397/13,771 
2,068/ 3,333 
397/13,771 
2,068/ 3,333 
0/1,275 
1,065 
0/1,275 
1,065 
1,275 
1,065 
15,009 
4,000 
15,009 
4,000 
15,009 
4,000 
12,618 
3,200 
12,618 
3,200 
12,618 
3,200 
1,275 
1,065 
1,275 
1,065 
1,275 
1,065 
Table D15. Cost and shadow price of credit 
price and activity range 
Interest Rate and Interest 
Constraint Scenario Rate ($) 
I, Original Program 
(a) 1-credit I 
2-credit II 0.24 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 0.24 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 0.30 
3-working capital 
II. Credit Restrictions 
(a) 1-credit I 
2-credit II 0.24 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 0.24 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 0.30 
3-working capital 
working capital in Farm Case IV and shadow 
Shadow Price Activity Optimal 
($) Range ($) Value 
1.38000 0/15,391 13,591 
3.48000 2,283/ 7,032 6,720 
0.24045 13,591/15,391 15,391 
0.00258 6,730/ 7,031 7,031 
1.36000 1,799/15,391 13,591 
3.25000 2,283/ 7,032 6,720 
1.37000 2,718/10,873 10,873 
3.48000 2,282/ 5,988 5,832 
1.39000 2,718/10,873 10,873 
.53000 2,282/ 5,988 5,832 
1.36000 
3.25000 
2,718/10,873 
2,282/ 5,988 
10,873 
5,832 
III. Reduction of Constraints 
(a) 1-credit I 
2-credit II 0.24 
3-working capital 
(b) Input price reductions 
1-credit I 
2-credit II 0.24 
3-working capital 
(c) Input price increments 
1-credit I 
2-credit II 0.30 
3-working capital 
1.38000 3,001/28,487 26,998 
3.48000 228/ 9,300 9,042 
0.24000 1,572/28,488 28,488 
0.34300 9,042/ 9,301 9,301 
1.36000 3,001/28,488 26,998 
3.24000 228/ 9,300 9,042 
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Table D16. Cost and shadow price of credit and working capital in Farm 
Case V and shadow price and activity range 
Interest Rate and Interest Shadow Activity 
Constraint Scenario Range Price Range Optimal 
($) ($) ($) Value 
I. Original Program 
(a) 1-credit I 0.1500 
2-credit II 0.2200 
3-working capital 
(b) Input price reductions 
1-credit I 0.1500 
2-credit II 0.2200 
3-working capital 
(c) Input price increments 
1-credit I 0.1875 
2-credit II 0.2200 
3-working capital 
II. Credit Restrictions 
(a) 1-credit I 0.1500 
2-credit tl 0.2200 
3-working capital 
(b) Input price reductions 
1-credit I 0.1500 
2-credit II 0.2200 
3-working capital 
(c) Input price increments 
1-credit I 0,1875 
2-credit II 0.2200 
3-working capital 
III. Reduction of Constraints 
(a) 1-credit I 0.1500 
2-credit II 0.2200 
3-working capital 
(b) Input price reductions 
1-credit I 0.1500 
2-credit II 0.2200 
3-working capital 
(c) Input price increments 
1-credit I 0.1875 
2-credit II 0.2200 
3-working capital 
0.810 0/14,702 0 
0.280 7,143/ 7,500 7,500 
0.810 0/14,702 0 
0.480 7,143/ 7,500 7,500 
0 0 
1.390 7,143/ 7,500 7,143 
0.760 0/34,430 0 
1.470 4,967/ 5,625 5,625 
0.760 0/34,420 0 
1.550 4,967/ 5,625 5,625 
.750 0/34,430 0 
1.400 4,967/ 5,624 5,624 
0.284 14,502/22,664 22,664 
4.400 3,778/ 6,143 6,143 
0.298 14,502/22,265 22,265 
4.470 3,778/ 6,143 6,143 
.269 14,502/22,665 22,665 
4.400 3,778/ 6,143 6,143 
